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ABSTRACT

This 6 months' contractual study effort was performed under NASA Contract

NAS1-6698 awarded to the IBM Corporation on 2 September 1966, in response

to bids on the Langley Research Center's Statement of Work L-7035, dated 22
June 1966

The study has two objectives. The first objective was to perform an

analysis of the control computer computational requirements. This included

preliminary hardware sizing for a control moment gyro (CMG) stability and

control system used in an Apollo Applications Spacecraft to perform typical

control tasks required for experiments such as horizon spectrometry, earth

mapping, and solar astronomy. The second objective was to develop a fixed

word-length, digital model of the control computer to be incorporated in a

sample-data simulation of the integrated CMG control system for manned

spacecraft. The final report comprises two volumes. Volume I describes the

overall engineering analyses, and Volume H discusses the digital simulation

program from a user's viewpoint.
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Section 1

INTRODUCTION

A digital computer program that rigorously simulates the system depicted in

Figure 1-1 has been developed under contract number NAS 1-6698, issued by NASA's

Langley Research Center.

This simulation, a contract delivery item, was required to support Langley's

research in Control Moment Gyro (CMG) systems, and can help evaluate the perform-

ance of CMGs that are controlled by an on-board digital computer in many attitude

control situations. In Volume I of the report, the digital simulation has been used to

validate the attitude control loop compensation developed on the basis of a linearized

model of the system. Control computer word length requirements to satisfy accuracy

specifications in the performance of four space experiments were also established

with the aid of the program.

In addition to a detailed description of the simulation, this volume emphasizes

the unusual techniques involved to allow effective use of the program.
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Section 2

SIMULATION IMPLEMENTATION

Program Structure

Introduction -- The CMG simulation functionally conforms to Figure 2-1. These

functions fall into four categories: (i) Input/initialization, (2) Output, (3) Control

computer, (4) Environment. This section presents a description of these categories
that serve as the program basis.

_ TART

' Ii READ INPUT OATA

I .............. I

l .......... I

l , I ..................I
I ............... I I I

INTEGRATION OF

ENVIRONMENT

EQUATIONS FOR

ONE CONTROL COMPUTER

COMP CYCLE

STORE CONTROL COMPUTER'S

SENSED DATA AT SAMPLE

TIMES

Figure 2-1. CMG Simulation Functional Block Diagram

Input/initialization -- Input data is read into an input buffer area. This source

data is unaltered so that subsequent runs require only input data changes. After

reading data, the entire input buffer is written on the print tape to completely identify
the run conditions.
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The initialization routine places input data items in the using storage areas.
This data is converted, if necessary, to conform to a consistant system of units as
follow s:

distance = foot

force = pound

mass = slug

time = second

angle = rad'ian

emf = volt

One exception is the star tracker loop with torque in inch-ounces and inertia in inch-
ounce -see 2.

Output. -- Output data describing the state of the vehicle, control computer, and

sensors can be written on the print tape as often as each control computer cycle. This

data is converted radians to degrees (angle), and lb. ft./sec to watts (power).

At end end of each run a summary is written on the print tape. This output

supplies information per CMG gimbal on maximum power, total power, and average

power.

Control computer. -- This category includes the fixed point, adjustable word

length control computer program and its fixed point utility routines (sine, cosine,

arc tangent, arc sine, double precision multiply and divide). The cost function used

by the iterative control law is programmed as a separate subroutine using floating

FORTRAN. This was done to facilitate changes in the function since the user will

probably want to use many variations to appreciate the versatility of the iterative

control law. This reprogramming capability and the fact that the floating point

computation of this function does not increase the accuracy of the control law justify

this provision.

A floating point version of the control computer is also supplied to provide

reference runs with minimal quantization effects.

Environment. -- The operating environment of the control computer includes the

vehicle, CMGs, sensors, and disturbing influences.

2-2



The basis of this portion of the simulation is an adjustable step, fourth-order

Runge-Kutta integration routine. The step size is regulated to keep an analytic

approximation of the local truncation error within bounds specified by the input data.

To support the integrator, it is necessary to define a state vector and the equations

necessary to compute derivative of the state vector. The integration scheme is

augmented with the controls needed to store the control computer input data items

prior to their use to simulate conversion and computation delays within the control

computer.

The equations for computing the state vector derivatives are presented in

appendices A, B, C, D.

Rigid Body Equations of Motion

The rigid body equations for the nine angular accelerations of the vehicle and

the CMG gimbals are developed in Volume I. These equations can be arranged as"

/all a12

a12 a22

a13 a23 a33 a34 a35

a14 0 a34 a44 0

a15 a25 a35 0 a55

a16 a26 0 0 0

a17 a27 a37 0 0

0 a28 a38 0 0

_a19 a29 a39 0 0

a13 a14 a15 a16 a17 0 al_

a23 0 a25 a26 a27 a28 a29

0 a37 a38 a39

0 0 0 0

0 0 0 0

a 0 0 0
66

0 a77 0 0

0 0 a88 099 /0 0 0 a__

Z

1

°o

°°

°°

rv2

°°

/bl/
b 2

b3

b 4

= b 5

b 6

b 7

b 8

b9_

(2-1)
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Inspection of Equation2-1 indicates that solving the equations of motions for the
highest derivatives involved the inversion of the 9x 9 coefficient matrix ka_J. The
actual methodof solution reduces this requirement to the inversion of a 3 x 3 matrix
by taking advantageof the fact that eachof the last six equations of motion is a function
of the vehicle accelerations, plus only oneof the CMG gimbal accelerations. Thus, it
is possible to solve eachof the last six equationsof Equation (2-1) for the respective
gimbal acceleration as

_I =

_i =

=

_2 =

83 =

=
3

(b 4 - a14_0x - a34_z)/a44

(b 5 - a15_ x - a25d_y - a35d_z)/a55 i

(b 6 a16_ x a26_y)/a66

(b 7 - a17_o x - a27_y - a37d_z)/a77[

(b 8 a28°Sy a38_z)/a88

(b 9 - a19_ x - a29d_y - a39&z/a99 )

(2 -2)

Substitution of Equation (2-2) into the first three equations of Equation (2-1) gives

/a a124 a125 a12 a12 a129_ ) (b

_x 11- a4--_ -a5-- _ a6--_ a7--_ a9--_/ _ _1

l

a a15a25 a16a26 a17a27
a19a29_ / al5b

+'_y 12 a55 a66 a77 a-_9/f _ a55 5

I l

Ca a14a34 a15a35 a17a37 a19a39._ ]- a17b

+&z\13 a44 a55 a77 _ )) a77 7

a14 b

a99 9

(2 -3)
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a15a25 a16a26_x 12 a55 a66

l 2 2
a2__.55_ a:6 a27

+_y 22 - a55 a66 a77

a17a27 a19a29-_ [b a25

a77 a99 I/

a228 a229/ _ >=J_ a26 b) a27 b

a28a38 a29a39_\ / a28 b a29 b

a88 a99 ] -a-_88 8 a_99 9
a a25a35 a27a37+d_z 23 - a55 - a77

/a a17a37 a19a39._) (b a34b

a14 a34 al 5a35

¢bx a44 a55 a7-----_ a9"---__ _

13 3 _44 4

(a a25a35 a27a37 a a

a88 a99 If

a28a38 a29a39_ /. 35 b 37 b
_by a55 a7---7-- =

I 2 2 2 2 2a34 a35 a37 a38 - a39_ _ [_ a38b a39b

33 a44 a55 a77 a88 a99 / ] _ a88 8 a99 9

(2-3)

(C ont. )

which can be written as

all a12 a13_

al' 2 a22 a23)

a13 a23 a;3 /

: :(:i/ (2-4)
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Note that the 3 x 3 matrix is indicated as symmetric as verified by inspection of the

corresponding coefficients of ¢bx, ¢by, ¢bz in Equation (2-3). Therefore, only six
a :. have to be evaluated.

1j

The method used to solve for the derivative equations presented in Appendix A is

summarized:

a. Evaluate the a.. and b. of Equation (2-1)
D 1

b. Compute the a._. and b: of Equation (2-4)
lj 1

c. Solve Equation (2-4) for d_. by inverting the 3 x 3 coefficient matrix [a'..7
1 lj

d. Solve Equation (2-2)for _i and h'l using the values of ¢bi just computed.

Fixed Point Programming Techniques

Introduction. --In order to simulate the calculations of the fixed point control com-

puter, using FORTRAN IV, it is necessary to treat all variables and parameters as

scaled integers. To establish scaling factors, the maximum absolute value of each

variable and parameter must be know. The assumed maximum values are presented in

the appropriate variable name lists in Appendix E of this report.

The following paragraphs outline the procedures used in scaling and programming

the simulated control computer.

Scaling considerations. --The maximum values of all variables have been selected

as integer powers of 2. This implies that all arithmetic scaling adjustments reduce to

shifting operations and all scaling problems can be reduced to consideration of the

associated integer powers of 2 and the number of data bits, n.

Given:

n, the number of magnitude bits of the control computer word

x, a variable such that I x l _ x = 2kx
max

X I, a scaled FORTRAN integer representing x; the following identifications can
be made.

Full scale n-bit integer; FS=2 n - 1 --_ 2n = FS'

K is a scale factor such that
x

XI= KxX (2 -5)
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Since it is desirable to have XI approximately equal to FS, whenx = Xma x

for K x,

XI FS' 2 n 2n-kx

x x x 2kxmax

we can solve

(2-6)

Arithmetic operations. --Let us define the variables x, y, z; their maximum values

2kx, 2 ky, 2kz; and their FORTRAN integer representations XI, YI, ZI; and consider

the scaling associated with the following arithmetic operations.

Addition--To program the operation z = x + y using the integers XI, YI, ZI, first

get a common scale factor for X I and YI, then perform the addition, and finallyadjust

the scale factor of the answer toK z. Assumek x _k,, thena right shiftofky - kx
places (i.e., division by 2ky -kx) performed on X I wi_l produce the value x with a

scale factor Ky.

XI KxX 2 n-kx 2n-ky
- - x = x=Kyx

2 kY -kx 2 ky- k x 2ky-kx

The sum Ky (x + y) must be appropriately shifted to yield a scale factor K z. The three
cases are:

k =k
z y

X I

ZI- 2ky-kx + YI
(2-7)

k >k
z y

X I

2ky-kx + YI

ZI = (2-8)
2kz-ky

k <k
z y

ZI =_2k_-_I-kx-YI) 2ky-kz

Note that the shift factors 2ky -kx, etc. , are constants independent of n.

(2-9)
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Multiplication--The operation z = xy involves multiplication of XI, YI producing a

double register (i. e., 2n bits) product. This result is shifted to yeild a single register

answer with a scale factor K z.

X I 5_ = (2 n-kx) (2n-ky) xy (2-10)

Dividing both sides of Equation (2-10) by 2n+kz-kx-ky yields

XI YI

2n+kz-kx-ky
= 2n-kzxy = KzXy = ZI

or

XI YI

Z I = 2n+kz_kx_ky (2-11)

Note that this shift factor is a function of n.

Division--An actual fixed point division, z = x/y, is performed by placing the divi-

dent within a double register so that the properly scaled quotient will appear in a single

register (i. e., the least significant n bits of the double register) after the division

takes place. Simulation of the dividend placement is accomplished by a left shift of

n-kz+kx-ky , or

X I 2n-kz+kx-ky = 2 n-kx • 2n-kz+kx-kyx = 22n-kz-kyx (2-12)

dividing both sides of Equation (2-12) by YI

X I 2n-kz+kx-ky 22n_kz_ky x

YI 2n-ky y

2n-kz x x
= --= K --= ZIy zy

or

(X I • 2n-kz+kx-ky)

ZI = YI (2-13)

This shifting factor is also a function of n.
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Input/output. --When the control computer executes its program, it operates on

data supplied by the environmental simulation. This data is gener ated in floating point

form and must be scaled according to its maximum value. The data is converted to a

fixed point integer and quantized more if the bit length of the particular converter is
less than n.

When the control computer presents data to the environment, these operations

are reversed. The n-bit output integer is quantized if the D/A conversion is less than

n-bits--then converted to floating point. The scale factor is then removed and the

data is ready for use by the environment.

The FORTRAN statements that simulate these operations can be illustrated after

defining:

x = A floating point input variable

X I =

n --
x

y =

The integer version of x

The number of bits carried in the input conversion of x.

A floating point output variable.

nx_n

YI = The integer version of y

n = The number of bits carried in the output conversion of y. nyY

The input scaling and conversion statement is

<n

X I = x • 2.(n-kx) (2-14)

Note that 2!n-kx) is the scale factor Kx by Equation (2-6). The RHS of Equation

(2-14) is the integer X I in floating form. FORTRAN converts this to afixed point

representation automatically. The additional quantization associated with the A/D

conversion is simulated with this all integer statement:

X I = Lxi/2(n-nx)j • 2 (n-nx) (2-15)

The division is performed first and causes X I to be right shifted n-n x places. As a re-

sult the least significant n-nx bits of X I are lost. The multiplication shifts this quantity

left replacing the lost bits with zeros.

The corresponding statements used for output adjustments are:

y = [Yl/2(n-ny )] 2 (n-ny) (2-16)
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y -- y • 2!ky-n) (2-17)

Coulomb Friction

To maintain a high degreeof simulation accuracy, it was necessary to implement
a better model for coulomb friction than the standard signum function shownin Figure
2-2.

I kl
Ta e) _ --

j S

l-Tf = T c sgn 09

21-

09

Figure 2-2. Coulomb Friction Model

Using a value of Tf equal to Tc sgn ¢0 can lead to a low amplitude limit cycle

because d_ is assumed constant over an integration step, At. This is best illustrated

by considering an example where the system of Figure 2-2 has an initial u_ = ¢0o and

an applied torque, Ta, equal to zero. Figure 2-3 shows the desired time histories of

¢o and Tf. Figure 2-3a corresponds to the signum function model and Figure 2-3b

corresponds to the model actually used.

The model for coulomb friction used in this simulation incorporates the logic of

Figure 2-4 for computing Tf. Then

Ta - Tf¢b =

J

2-10
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_0

YES

I

Tf = T c sgn (_ I

I
YES

1
Tf = T a + JAT

I COMPUTE I
T o

Tf i Ta

NO, USE AVERAGE Tf

=0

T _ >T

i I

I_ 2J_ 1
Tf = - 1 T c sgn (z)

t (T c sgn oJ-T a)

i To-T,I__

Tf = Tcsgn T O I

* TAKE NO BRANCH, IF

T a- T c sgn _ At > - 1
J(_

** TAKE NO BRANCH, IF

ITal > T c

Figure 2-4. Coulomb Friction Math Flow
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Section 3

PROGRAMDESCRIPTION

The CMG simulation implements the functions of Figure 2-1 using a main pro-
gram and 31 subroutines. The following sections describe each routine and include
listings, routine linkage, purpose andreferences to source equations, and sup-
porting figures.

For clarification, Figure 3-1 illustrates the major subroutine linkage.
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MAIN

BEGIN

r--_
I CALL INITiL

r7-- ]
CALL RKRS

T
CALL OUTPUT

?
IT (t <Tend) Y_S

i

NO I
I

I CALL SUMARY
I

I I

I ¥ I

"--GOTO__ / I
DO J =rl, NEVENT

P'-TRETRN = TEVENT (J)
I

I

I CALL RKII l

II

I

CALL STORE (J)'

L ¥
---CONTINUE

TRETN = TMATCH

CALL RKII

I

| C_LL MANUAL

I

I

, i
CALL COMP

I

I
I

w

-- -- GO TO

t RKRS

I RESTART

I INTEGRATOR

CALL DERIV

I FIGURE 3-Ib
t

OUTPUT

COMPUTE

AND PRINT

OUTPUT

VARIABLES

SUMARY
I

I PRNTRUNISUMMARY

RKII

_IINTEGRATE

I OR TRETRN

I ECONDS

CALL DERIV

I FIGURE _lb
STORE

I STO_E Jth

I VARIBLE IN

CONTROL

COMPUTER

INPUT BUFFER

RKII

INTEGRATE

FOR TRETRN

SECONDS

CALL DERIV

FIGURE 3-1b

_--MANUA

GENERATES

CONTROL

COMMANDS

T COMP
EXECUTE

CONTROL

COMPUTER

PROGRAM

INITIL

CALL iNPUT

T

INITIALI ZE:

STATE VECTOR

INTEGRATOR

CONTROLS
CMG CONSTANTS

SENSOR
CONSTANTS

VEHICLE
CONSTANTS

EXTERNAL

TORQUE AND
MOVING MASS
PARAMETERS

KEPLER ORBIT

EQUATIONS

CONTROL
COMPUTER
TIMING

MISCELLANEOUS

CALL RKIC

INITIALIZE
COMM AN DS

COMPUTE
SCALING
CONSTANTS

INITIABLIZE
CONTROL COM PUTER:

DIRECTION COSINES
NAViGATiON

CALL FANDG

EXP 1

EXP 2
EXP 3
EXP 4
MODE S
MODE 6
MODE 7

CONTROL LAWS
DESATU RATION
iF FIXED POINT:

FIX ABOVE
PARAMETERS

d

CALL STORE (J)

J = I, NEVENT

CALL MANUAL.

SET Atf = 0

CALL COMP

RESTORE Atf

• I

INPUT
)

I READ INPUT DATA

I PR,NT,NPUTDATA!
I

RKIC

INITIALIZE

INTEGRATOR

CALL DERIV

FIGURE 3-1b

I

FANDG

COMPUTE

COEFFICIENTS

FOR F AND G SERIES.

UPDATE CONTROL

COMPUTER'S:

t

p_0

__o
_Ro

MANUAL

I GENERATES

I CONTROL

I PANEL

I COMMANDS

COMP

EXECUTE

COMPUTER

PROGRAM

WITHOUT

ADVANCING

TIME.

j t STORE

SUPPLIES INPUT

DATA FOR

CONTROL

COMPUTER

!

CONTROL

Figure 3-1. Subroutine Linkage (Sheet 1 of 2)
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CALL TRIG

CAL L_'R A T E

CALL_POSVEL

CAL;EXPER

CAL L_DISTRB

CALL_FINDMG

CALL_INDA

CALL_INDB

CALL_EvDER

RETURN

TRIG
I

EVALUATES:

SIN & COS OF czi, _i

SIN 2 & COS 2 OF (li, _i

SIN_ COSOF4, 0, 4,
[mii]

I

RATE
, I

EVALUATES

COxi,_y i, COzi

_xi' _¥i' _zi

I

POSVEL
. •

[ COMPUTES

POSITION & VELOCITY

FOR KEPLER ORBIT

I

EXPER'i
COMPUTES

DERIVATIVES OF

STAR TRACKER &

HORIZON SENSOR

VARIABLES

I

DISTRB

I COMPUTES [
DISTURBANCE. TORQUES
VEHICLE I & I

I

FINDMG

I COMPUTES

D_'RIVATIVES OF

CMG GIMBAL

SERVO VARIABLES
I.--

I

FINDA

EVALUATES: Iai/i, aij

I

FINDB
t(

EVALUATES: ib i, b i

I

EVDER

EVALUATES:

/_i' ai

gimbal servo

power

1

Figure 3-1. Subroutine Linkage (Sheet 2 of 2)

3-3



MAIN Program

Called by. -- Automatic branch to MAIN after program is loaded on host computer.

Calls. --INITIL, COMP, RK_RS, RKII, OUTPUT, MANUAL, SUMARY, STORE.

Function.- Overall program control and timing.

Comments. -- The array TEVENT contains the successive time increments, over

which integration must be performed to reach control computer A/D sampling times.
Note that

NEVENT

TCYCLE = TMATCH + _ TEVENT(J)

J=l

A computation cycle timing chart is illustrated in Figure 3-2.

t = nAtf (D/A aic, 4_ )

f t t
TEVENT (1) TEVENT (2) TEVENT (3)

t = (n + I) htf (D/A _ic' /_ic )

_ t

_ ,,__,,_'__ ,,,:,l _
\

TEVENT (NEVENT) TMATCH

Figure 3-2. Computation Cycle Timing
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$I_FTC
C

C
I

6

3

4

MAIN LIST

COMMIINIRKCIU (7q) ,UMIN (79), I']TMTN,DTEST, DELTAT,NDOUBL, NINT, T, TRETRN,
[ NOINT(79}

CtrIMMONIT(3CONT/_RFAL (15) _NUNRF. R (15 },NORDFR (15 ), TFVENT (15), TMATCH,

I. NEVENT_EVENTT(]|5)tTCYCLE_NCI']ST1,NMAN! ,NPRTNTtNPRCTLtTEN_tLNECNT

CALL INTTIL
CALL RKRS

CALL OUTPUT

TF(T.GE.TEND)GO TO 4

O0 3 J=I_NFVENT
TRETRN=TEVENT(J)
CALL RKT!
CALL STORE(J)
TRETRN=TMATCH
CALL RKTT
CALL MANUAL
CALL COMP
GO TO 5
CALL SUMARY
GO TO I

END



Called by. -- MAIN

Calls. -- INPUT, ENERGY, RKIC, FANDG, UPDAT3, STORE, MANUAL, COMP

Function. -- Initializes routines in accordance with input data specifications.

Performs one time computations such as units conversion and evaluation of constants.

Comments -- Because this routine exceeded table space during compilation,

it was necessary to divide it into four smaller routines. Since these routines are

never used independently, it is convenient to include all four in the verbal label INITIL.

Figure 3-3 shows this breakdown.

ENTER

INITIL

CALL INITL 2 I

' IRETURN

EXIT !

i INITL 2

CALL INITL 3

t
CALL INITL 4

T
RETURN

RETURN

I
R ETI LRN1

INITL 3

INITL 4

Figure 3-3. Initialization Routines
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$1BFTC SIP1 LIST

SUBROUTINE INITIL

COMMON/RKYV/OMEGAB[7g)

CDMMDN/RKCIU(Tg)tUMINfTg)_DTMINtDTEST,DELTATvNDOUBLtNINTtTtTRETRN,

C_o_o

I NOINT[70)

COMMON/AGROUP/A (

CO MMON/C GYRO/A A,

I CB BG,AA BA,AA

2 SUM4t SUMS, SUM& _

] HNOM

REAL JMBETA, JMAL

DIMENSION GYROI(

g,9) _AP(31)

BA_CAtABtBB_CBtA_BG, JMBFTA|,.IMALPHeAF_ A_,RB fiG,

CA,BA CAeBB C_,DIFItDIF2tGRAJMA,SUM|_SU_;?_SIJ_3,

SUMT_SIJMR_SUMOtSIJMIOtAC_OMGO(3)vAGoMcr)iT_)_, _C_OMC_'_

PH

1.0)

EQUIVALENCE (AA,GYROI(1))

CQMMON/CBODY/INERT(21 )

REAL INERT

COMNON/CSERVO/BINPUT|3)_AINPUT(3) _K_BETAvK2ALPH_TAUDF_FtTAUDALt

t KBETAtKALPH_KSFF_EtKSFAI..tTAUNBEtTAUNAL _TA(J_E,T/_IIAL_FI_I_vFL. TMAI__

2 KTBE_KTALtKBBETAtKBALPHtTAUMBE,TAUMAL,TFBETA,TFALPH,P, LTUl TtALT_IT

3 tGRBETA,GRALPH

REAL K2BETAtK2ALPH,KBETAtKALPHtKSFBE, KSFAL,KT_E,KTAL,KBP_--TA,K_ALPH

COMMONITORQUE/MJFT( 22 )

REAL M JET

COMMON/PVDATA/POS (__)_VEL |3) _POSO(3) ,VELn ("_) ,FCCFNT, FNOW,_F ANA,

t MEANAO,FVECT[3),CETAO_SETAO,PVCON(4],PTARGT[3)

REAL MEANA, MEANAO

COMMON/CONSTSIRTrlDEG_ DF.GTnR, RE, MU,P iE ( 2_ )

REAL MU

COMMON/SENSOR/ESTAR( 20), STKR, J INRT (_), FTA( 3,.q)

REAL JINRT

COMMON/D IST/MD IST (_ }, MDNOM ( _ ), SPHASE ("_•E_) ,CPHA SF ("__6 ) _SF_ E E)(6 ) ,

I CFREO(6)_MDAMP(_'_6)_FREO(6)_TQEMM('I)

REAL MDTST, MDNOM,Mr)AMP

COMMONI_OVEIQMASS (4I)

COMMON/BUFFIN/XZ(_g),NZ(I24),XY( q/+),NY(9)

READ INPUT DATA

CALL INPUT

INITIALIZE STATF VECTOR AND INFGRATOR CqNTR_LS
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2N

71

4

T= ('),

NINT=7Q

r)UMI=XZ(15g) *nEC, TOR

nUM2=XZ{ 160)*DEGTOR

DO l J=l,18

r)ME_AB (J )=X7 (J )*nF.C-TflR

!I[J )=XZ( J+Tq )*DtJ_'1

IJMIN(J) =XZ( J+Tq)*DtlM2

r)o 2 ,J=lq,4 =,
rIM_CAB (J )=X7 (J)

II(J)=Y/(J+7 o)*Xl(l_q)

IIMTN( J)=XZ{,I+70).X7 ( I 6P )

DO 20 ,I=46_z. 7

FIM_GAR [J )=XZ (J )*hECTOR

U[ J)=XZIJ+7 o)*DII_t

IIM IN( J )=XZ(J+Te) *DiJ_2

F)O 2'1 J=4P,TI

OMEC_AB(J )=X7 (.I)

U( J )= _Z (.1+70)*X7 { ].Rq)
IIMI_'(J)=XZ(J+Tq)*x7[]__,O)

•.r)rl 3 J=72,7q
nMFr.,_ B (J ):×l {J ).nEGTnR

IJ{ .I )-'- XZ ( J+7q ),r)lJ_l

I IM I K'(J) =XZ { J+7 o ) ,qUM2

K=].

nrl 4 .J=1.79

TFINT(.J) ._O._)C,n TO 4

NOINT(K)=J

K--K+I.

CONTI NtJF

NOINT(K)=O

nTMIN=X7(16] )

DTEST=XZ(162 )

NDI)tJBL=N / ( Rn )

_YRO m,ATA [NITtALIZATInN

nO 5 J=1 , ]0

C,YROI(J)=X/(,I+16_)

DF) 6 J= l, R
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6

7

AGOMGO(J)=XT(J+172)

DO 7 J=1,26

AINPUT{J+6)=XZ(J+180)

BLIMTT=BLIMIT*DEGTOR

ALTMTT=ALIMTT*DEGTOR
K2BETA=K2BETA*GRBETA

K2ALPH=K2ALPHmGRALPH

KTBE=KTBE*GRBETA

KTAL=KTAL*GRALPH

KBBETA=KBBETA*GRBETA

KBALPH=KBALPH*GRALPH

TFBETA=TFBETA*GRBETA

TFALPH=TFALPH*GRALPH

AB AG=AB÷AG

BB BG=BB÷BG

CB BG=CB+BG

AA 8A=AA-BA

AA CA=AA-CA

BA CA=BA-CA

BB CB=BB-CB

DIFI=AB AG"BB BG

DIF2=AB AG-CB BG

SUMI=CB BG÷(GRBFTA**2)*JMBETA

SUM2=BA÷(GR_LPH*_2)*JMALPH

SUM3=CB BG+GRBFTA*JMBETA

SUM4=BA÷GRALPH*JMALPH

SUMS=CA÷CB BG÷JMBETA

SUM6=BA÷GRALPH

SUM7=CA-(GRBETA-I.)*JMSETA

SUM8=CA+{CB BG*((GRBETA-t.)**2)*JMBFTA)/SUM!

SUMg=((GRALPH-I.)**2)*JMALPH

SUMIO=JMALPH*GRALPH*[GRALPH-t.)

GRAJMA=JMALPH*GRALPH

A{6t6)=SUM!

A(&,6)=SUM1
A(BtB)=SUMI

SENSOR INITIALI/ATION

DO 8 J=|t4



8

g

lO

11

18

13

15

16

FSTAR (J}=XZ(J+20_)*DFGTOR
DO '9 J=1,17
ESTAR ( J+4)=XZ (J+210)
STKR=STKR*XZ ( 728 ]
DO 10 J=[t2
J INRT (J)=X7 (229)
JINRT (J+2)=XZ | 2,30)
DO It J=l)7

ETA (J)=XZ(J+2,30)
DO 18 J=lt5
ETA(J+7)=XZ (J+31"_)
ETAII2}=.SE-3*SORT(ETA(12)IESTAR[5) )

VEHICLE INITIALIZATION

DO I? J=l,6
INERT {J+6)=XZ ( J+737 )
DO 13 J=lt3
ETA ( J+4]=ETA (J+6)/3&O0.
M JET (J+ 12 )=X 7(J+243 )

EXTERNAL TnROUES AND MnVING MASS

NDUM=O

DO 15 J=lt3
_JF_T{ J+15)=O,

M JET[ J+IS)=XZ ( J+'_36 )*X7 (31g)
FREO { J)=Xl { J+285)
FREO( J+3 )=X7 (J+288)
MDNOM (J)=XZ { J+246)
DO 15 K=lt6
NDUM=NDUM÷I

MDAMP (J•K)=XZ {NDUM+249}
SPHASE (J tK)=SI N (XZ (NDUM+276 )*DEGTNR )

CPHASE( J,K )=COS {Xl (NDUM+276) *DEC, TOR )

QMASS (l )=XZ (292 )

QMASS (2 )=2.*OMASS |1 )

DO 16 J=l,I2
OMASS {J+ll )=XZ [J+2q2 )

DO 17 J=1,3
OMASS (J+29) =XZ ! J+304 ]
OMASS (J+23) =OMASS (J+20 )*OMASS (J+29 )
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17

I00

I01

102

103

OMASS |J+26)=OMASS(J+23) oQMASS (J+29)

QMASS (J+32) =.5*OMASS( J+l 7)

KEPLER ORBIT INITIALIZATION

DUM=O.

DO I00 J=l,3
DUM=DUM+XZ( J+307)*XZ (3+307|

DUM=SORT (DUM)

r)UMl=O.

DO I01 J=l,3
POSO(J)=XT(J+307)/DUM
DUMI=DUMI+ POSO[ J)*XZ [ J+310 )
DUM2=O

00 102 J=l,°;
VETO| J)= -DUMI*POSO ( J )+XZ (J+310)
DUM2=DUM2+VELO (J)*VELO(J)
DUM2=SQRT ( DUM2 )
DUM=DUM*DUM2
DUMt=DUMIMU
ECCENT=O.
CETAO=O.
SETAO=O.

DO 103 J=lt3

VETO( J)=VEtO (J)/DUM2
FVECT (J)=DUMI*XZ (J+3!O)-VELO(J)
ECCENT=FCCENT+FVECT (J )*FVECT {J )

CETAO=CETAO+FVECT (J) *VETO( J )

SETAO=SETAO+FVECT (J)*POSO(J)
PVCON(4)=SORT(I.-ECCENT)
ECCENT=SQRT(ECCFNT)

CETAO=CETAO/ECCENT

SETAO=SETAO/ECCENT

PV.r..ON(3) =MU**2/( (DUM/PVCON (4))*-3)

PVCON (2)=MU/DUM

PVC ON (! )=DUM*DUMIMU

DUMI=ATAN2(PVCON(4) *SETAO, ECCENT+CETAO )
MEANAO=DUMI-ECCENT*SIN(DUMI)

MEANA=MEANAO

ENOW=DU_I
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104

DO 104 J=l_3
POS(J)=XZIJ+307)
VEL(J)=XZ(J+310)
CALL INITL2
RETURN

END
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2O2

20I

2O/+
?0_

2O5

206

C_DO_

19

18

IF(TEVENT(KI.LT.TEVENT(MINT))MINT=K

NORDER(J)=MINT

TEVENT(J)=DUMMY

I=l

K=I

DO 203 J=2t15

LI=NORDER(J-I)
L2=NORDER(J)
IF(EVENTT(L2).EO.EVENTT(Lt))GO TO
NUMBER(I)=K
K=I
I=I÷1

GO TO 203
K=K*I

CONTINUE

NUMBER(I}=K

NEVFN T= I

L] =NORDER (l )

TEVFNT{ I) =EVENTT(LI )

DUMDBL=TEVENT(t)

IF(NFVENT.EQ.I}GO TO 205

K=I

DO 205 J=2,NEVENT

K=K÷NUMBER(J-I)

Lt=NORDFR(K)

TEVENT(J)=DBLE(EVENTT(' ') )_hi(Unit

DUMDBL=DUMDRL÷TEVENT(J}

TMATCH=DBLE(TCYCLE)-DUMDBL

IF(TMATCH.LT.O.)TMATCH=O.

FINAL INITIALIZATION OF CONTINUOUS

DO 19 J=l,tq
RETADC(J}=O.

DO 18 J=lt37
MODE( J)=O

MODE( 26)=1
CALL ENERGY{NDUM)

CALL RKIC

DO 20 J=1,307

204

E_UATIONS
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$1BFTC SIP2 LIST

SUBROUTINE INITL2

COMMON/SINCO/SINB(30) ,DIRCO( 3,3 )

COMMON/POWER/KDT (307 )

COMMON/PVDATAIPOS (28)
COMMONICONST S/WE ARTH (27 )

CDMMON/I OCONTIZRFAL ([5) ,NUMBER (IT ), NORDER (15), TFVENT (15), TMATCH,.

I NEVENTtEVENTT| I._)_TCYCLE tNCDSTI, NMAN[ ,NPRINT, NPRCTL, TEND, LNFCNT

CDMMON/FLOT INI MODE {37 )

COMMONIFLOOUTIBETADC (19 )

COMMONIOUANTINB IN (42)
COMMONIF IXOUT/AC ( 19 )

CDMMDN/F XPIVIACDBL (34} _WE(4)

COMMONITVECTIH (12) ,NPASS, NSLOW, XNSLnW
COMMON/DIRCOSIMS(3t3)tMSDOT(3t3)vML(3, 3),MLDF)T(3,3) tF_SAVF(3,3),

CMSDBL(3,3)tMLDBL{3t3),XW(3)tWPREV[3),TRATIO(3],DELW(3)

REAL MS, MSDOT, ML, MLDOTe MSDBL, MLDnL
COMMONIBUFFINIXZ(339),NZ|124),XY( 9#+),NY(q)

DOUBLE PRECISION DUMDBL

C

20n

207

COMPUTER SPEC. INITIALIZATION

TCYCLE=XZ (31qI

NSLOW=NZ (124)

NPASS =NSLOW

XNSLOW=NSLOW

DUMMY= Io÷TCYCLE

DO 200 J=l,15
TEVENT[J)= XEfJ+319]

IF (TEVENT (J] .LT.O. ]TEVENTf J)=O.

IF (TEVENT (J ]oGT. TCYCLE }TEVENT(J) =TCYCL E

EVENTT(J) =TEVENT[ J )

NUMBER (J) =0

DO 207 J=l_3
TRATIO(J ) =( TCYCLF_-TEVENT| J) )/TCYCLE
IF (NY {9). EQ.O) TRATI O( J]=O.

r)o 201 J=1,15
MI NT= 1

DO 202 K=2t15
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21

401

4O2

_|0

411

KDT(J)=O
INITIALIZE ON-BOARD COMPUTER

TENO=XZ(_36)
DO 21 J=l,5

MODE(J+25)=NY(J)
MODE(31)=NY(B)

NBIN(42)=NZ(123)

IF(NZ(I?3).NE.O)CALL INITL3

NCOSTI=I

NMANI=I

NPRINT=(XZ(335))/TCYCLE +.5

NPRCTL=NPRINT
LNECNT=IO0

DIRECTION CnSINE
00 401 J=l,_

O0 401 K=I,3

MS(J_K)=DIRCO(J,K )

MSDBLIJ,K)=DIRCO(J,K)
POSITION AND VELOCITY

DO 402 J=l,3
POS(J+25)=XY(J)
CALL FANDG

EXPERIMENT ONE (EARTH
WE(1)=WEARTH(27)
DO 410 J=2,4

WE(J)=WE(I)*WF(J-i)
ACDBL(9)=O.
ACDBLIIOI=WE(1)

ACDBL(I])=O.
NDUM=O

DO 411J=l,3
DO 411 K=l,3
NDUM=NDUM+I

MLDBL(J,K]=XY(NDUM+4)

ML(J,K)=MLDBL(J,K)
AC(7)=XY(4)*WEARTH(2)

ACDBL(1)=AC(7)

CALL INITL4

CONTROL S

INITIALIZATInN

INITIAI_TZATIFIN

MAPPINC)

(PL L.ISEXP. I TAqGET PnS.)
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$1BFTC

C

IB

301

$IP3 LIST

SUBROUTINE INITL3

COMMON/CONSTS/RTODEG, DFGTOR,RE, MU, PIE, W_ ([0) ,VFN, FI XWO(I _) ,WF ARTH
REAL MU

COMMON/NPSCAL/NM7tNM6_NMStNM6_NM3_NM2_ NMItNPOtNP] tNP?,NPI_NP4,NPS,

CNP6,NP7,NP8_NP9

COMMDN/SCALER/CSCALE_ DSCAL.F_,LSCALF_ LLSCAL ,MSCALE _NSC.ALE,r_SC.ALE,

COSCALEt RSCALE,TSCALEtVSCALE

INTEGER CSCALE_ OSCALE, PSCALE,QSCALE _RS CALF tTSCALE, VSCALF

COMMON/FLOTSC/FLNMTtFLNM6t FLNMSt FLNM4, FLNM3, FLNM2, FLNMI t_L NPO,

CFLNPI tFLNP2, FLNP3 eFLNP4 ,FLNP5 tFLNP6 _FL NPT,FLNP8_ FLNPQ t

C FLNMII tFLNMIOt FtNM8, FLNPI2t F2NM25t F2NM| 5_F2NM[O _FL2NM2,FL 2N_I,

C FL?NPO,FL2NPl

DIMENSION NMTPq(IT]_FNMTP9(I7)

EQUIVALENCE (NM?Pq(1) _NM?] t(FNM?a9( I), FLNM?)

COMMONIM ISCELIFS, DgLFS, NBIT ,NH, MDLAS Ty HALFFS

INTEGER FSt DBLFS,HALFFS

COMMON/OUANT/NBIN( 42 }

COMMON/EXP3V/ANGLE{ II),KC,PR_V(2_)

COMMONISINC{ISIASC,B,C tHALFP I, PI, HAFPl

INTEGER ASCt By CtHALFP It P ItHAFPl

COMMON/AS INC/AAS, BASt CAS,DAS

INTEGER AAS,BAS_CAStDAS

COMMON/ATANC/AATt BAT_CAT,DATt QUARPI
INTEGER AATtBAT,CATtDAT,OUARPl
COMMON/BUFFIN/XZ(339)tNZ(I_")t(-. XY' _'_._,,_'v(.... o}

COMPUTE SCALING CONSTANTS

NBIT=NZ[81)

DO 18 J=l,41
NBIN(J)= 2**{NZ(BI)-NZ(J÷Bl}]

IF(NBIN{J).LT.I]NBIN(J]=I

NMT=2**(NZ{SI}-7)

FLNM?=NM?

DO _Ol J=2tI7
NMTPq(J)=2-NMTPgfJ-I]

FNMTPg{J)=NMTPq(J)

XNH=ALOG(XZ{31qt)/.6g314

3-17



C_

NH=XNH
DUM=NH
IF (DUM.LT,XNH) NH=NH÷I
IF|NH.GT°5)CALL EXIT
FLNMB=FLNM7/2.
FLNMIO=FLNM8/4.
FLNMI I=FLNMSI8.
FLNP12=FLNPg_B.

FL 2NPO=F LNP OmFLNPO

FL2NP I=FL 2NPOe 2.

FL2NMI=FL2NPOI2o

FL2NM2=FL2NMII2.

F2NMIO=FL2NPOII024.

F2NMI5=F2NM10/32.
F2NM25=F2NMlSII024.

FS=NPO-!

HALFFS=NM]

DBLFS=NPOwNPO-!

SPECIAL SCALINC,

CSCALE=2om( 5-NH )

DSCALE=2*CSCAL E

LLSCAL=2*DSCALE

NDUM--NZ (81)-II
LSCALE=2**NDUM

MSC ALE-- 2"* (- NDUM )

NDUM--NDUM- I
PSCALE=2*oNDUM

NS CAL E=2 m, (-NDUM)

NDUM= NDUM-2

TSCALE=2*_NDUM

VSCAL E=2** (-NDUM }

NDUM=NDUM-I

RSCALE=2**NDUM
QSCALE=2w*(-NDUM

FIXED POINT

PI=PI E*FLNM2

HALFPI=Pl

HAFPI=PI/2

CONSTANTS

}

CONSTANTS
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OUARPI=P!

ASC=-.166656*FLNP2

B= .83119E-2eFLNP6

C= -olB48B2E-3*FLNPI2

AAT= .?gg?lS*FLNPO
BAT= -.3211fllgeFLNPI

CAT: .1462766*FLNP2

OAT= -.389929E-I*FLNP4

AAS= 1.5707288FO*FLNM1

RAS= -.2121144*FLNP2

CAS= o074261*FLNP3

DA$= -.O|B72q3*FLNP5

KC= .O03373*FLNP8

RETURN

END
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$IBFTC $1P4 LIST

SUBROUTINE INITL4

CnMMONICONSTSIRTODEG9 DFGTORtRE(24) tWE_ARTH

COMMON/IOCONTIZREAL (! 5) _NUMBER(15) ,NOR DER(I 5) ,TEVENT (15 ), TMATCH t

] NFVENT•EVENTT(15)tTCYCLEtNCOSTItNMANItNPRINTtNPRCTLtTENDtLNEENT

COMMONISENSORIESTAR( 2 ) •ASTAR (2) ,TAUW_G •TAUt, TAUSN tTAUSf_,TAU3N,

! TAIj_Dt TAU3NPt TAIJ3DP, TAUS• STKT _STG2 tSTG3 • STAL• STKM • STKV _S TTF • STKP •

2 JINRT(4),ETA(2),TAUHRZ•GHFIRIZ_DFLW(3) _STBIAS(6)tSTSIGt

SXI(2)tSYI(2),SZI(2)•SX(2) _SY(2),SZ(2),FLBORF(?),AIPFIRF-(?)tOST(A)

4 tWNG(6)

REAL JINRT

COMMON/NPSC AL/NM7 tNM6 tNM5 •NM4 tNM_ tNM2 • NM I, NPO tNP ! tNP2 tNo_ _ NP/- tNp 5

CNP6,NP7t NPBtNPq
f.OMMONIFLOTSCIFLNM?, FLNM(_ tFLNM5 tFLNM4t FLNM3, FLNM? _ FLNHI ,FLNPnt

CFLNPl tFLNPS_ FLNP_,FLNP_, FLNP5 tFLNP& tFL NP7_FLHPB,FLNPq,

C FLNMIt_FLNMIOtFtNMB,FLNPI?,F2NM?5tFSNM15,FSNMIO,FL2N_2,FLSNMIt

C FL2NPOtFLSNPl

rOMMONIM ISCEL/FSv DBLFS tNB IT tNH_ MDLAST_ HALFFS

INTEGER FStDBLFStHALFFS

COMMON/OUANT/NRIN(?5) tNBOtIT(]6)tNFXPNT

COMMF]NIF IXf_LJT/BDflTC (3) •ADOTC (3) yAC,ED(3) •EP(_) vWC(_) t NJET(__)

COMMON/EXPIVIACDBL, ACDOT, ADSAVE, COSAC t COSWT_ ZOVF,r,a (3 ),

COMEGAE(3) ,RO(3 )t S, SOOT, SDI_IM, SINAC • SINW T, SPRI UE, SPFL (3), _0 ,TAHAC,

CV(_)•VC(_)_VDOI/R(3)_WE•WFS,WF3eWF-4

CDMMON/EXP2V/DEL_DELPtDEL[ _T)FL2 _DEI._•S IX _ S2X,SIY, S?Y_ ST1, S?Z, UIX,

CU2X,U IZ ,U2Z
COMMON/EXP3VIANGLEeCOSDUM_ COSL _CQSLR,C OSTH•DEL.ANG•DEL x•r_FI_ YtF_EI l •

CDBLPl _ETADOT eXXKC _PREV_ PSP (4) _ SINDUM, S INL ,S INLR, S/N?LR, S INTN,

CSPX (2 ),SPY(2 ), SPZ (2) _ SIXG, SIIG• SSZG, WRAR, _7,ZFX I,

CZEYI _ EEl I _EPZDOT
COMMON/MOD567/DELE(_),_ECOM(3)•EDCOM(3) _TFNI')M•ECI")MI_P(3)_DELTA_(3) ,

CMAX•MAXRT _TP_ NHHH
REAL MAXRT

COMMON/CONTLI/EPPREV(_)_GAIN(6•5)_GAINP(f_•5)_EPP(-_) tHNL'tM'_KLCL(6)

C MAGA (5) _MAGR( 3} •MCA(_) tMCB(_) ,TROC (3) •TRQCP(_) •tlNITVA (3 •3) •

CUN ITVB (3• 31 _ZO (51

COMMON/CONTLS/DELA(_) _DELR (_) ,DOTI(3) • DOT2(_) ,DOT_ (_) ,XXX I, XXX2,

CKSAVE ,MAGASO (3 ), MAGBSQ(3) ,TRFM(_ ), TRQPRD (3) t UNI TVH (_t 3)

3-20



C

Coo_

C

42O

421

C tBHOLD_NBSELF_NBDTDStMBMAX

REAL KSAVE

COMMONICONTL31CGYRO(3)_COSTA(3]tCnSTPI3),RTEST,RUSF,TDESS_,

CTDOTA(3I,TDOTB(3) tTREMSQtXKEND,ITERtNDITER

COMMON/DESAT/ERRLIM(_]tJFTCT(3),TJCNT(3|,GIMLIM(3),BDOTWX,AODTMX
INTEGER TJCNT

COMMON/TVECT/DELTtH_TIME(IO)tNPASS_NSL

COMMON/DIRCOSIMS(3,3)tMSDOT(9,3)tML(3,

CMSDBL(3t3)tMLDBL(3t_)_XW(3)tWPREV(_),T

REAL MS,MSDOTtMLtMLDOTtMSDBLtMLDBL
COMMONIBUFFINIXZ(3_g),NZ(I24}tXY( 94)_
DIMENSION XXWE(6)
DIMENSION COSST(4),SINST(4},
INTEGER NMS[3t_)tNMSDBL(3_3)

[ ,NDEL(5)tNNZO(S)tNGAIN(6t5]
EQUIVALENCE (XXWE(I}tWEtNNWE

EQUIVALENCE (NHH,H),(NMS(I,[

OW,XNSLOW

3}tMLDOT(3,3),DSAV_(_t3)y

RATIO(3),XDELW(3)

NY(9)

XXSIX(6), XDEL (5]

tNNWF(4)tNML ('_t3]_NMLDBL(3v3) tNNSIX(6)

,NGAINP (6, 5) ,NERLIM("_) tF( XF)T,NTRATf! (__)
It})

),MS(It I)) ,(NMSDP_,L(I_I},MSr)BI (ILl))

I (NOMGAEeOMEGAE(2)),(NML(I,I),ML[ 1, I)] ,(NML nBL(t,1),M_L_RL(I,111,

2 (NACDBLtACDBL],(NAC_AC)t(NNStX(1)_IXtXXS]X(I]),(NETADT, FTAF)(IT},

3 (NDEL(I]_DEL_XDFL(I)),{NDANGtDFLANG)_ (NWBAR,WBAR),(NNZO(]),7_O(1))
4 , (NGAIN{ ]._I),GAIN(I, I) ), (NGA INP( I, t), GAINP (].,I) ), (NHNOM_ HNF)MP] ,

5 (NKSAVE_KSAVE),(NXKEND_XKEND),(NERLIM(I),ERRLIM(1)),(DFLT,FIXr)T)

6 (MXBD_BDOTMX)_{MXAD_ADOTMX]_(NMAXRT, MAXRT),(NTRATO(1)_T_ATIO([})

EXPERIMENT TWO (INERTIAL MODE) OR FXPERIMENT THREE

(,,n n_,, 'cncr "t-_,n _or-T_ y |r,,_,R IZ,,,,. ....................

SINOIF=SIN(ASTAR(1)-ASTAR(2])

DO 620 J=It4

CO SST {J)=COS (ESTAR(J) ]

SINST (J) =SINIESTAR(J I)
IF(NY(6).GE.])Gt3 TO 430

DO 621 J=[_2

SXI (J)=SINST(J)
SYI (J) =-COSST( J )*SINST (J÷2)

SZ I ( J )=COSST( J )*COSST( J+2 )
DEL=COSST(I)*COSST(I)*SINST(3)*COSST(? )*SINI')IF

DELP=-COSST (!)"COSST (2)*SINDIF

r)ELI=-SINST( I )-CF)SST(2)*SINST(4)
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43O

431

434
Coooo

C
C
C

C
C
C
C_t_o

C

C
C

C
C

DEL2=-DELP
OEL3=SINST(I
G0 TO 432
Dn 431 J=l,2
SXT(J)=-COSS
SYIIJI=C_SST

SZI(J)=-SINS

DEL=-COSST(t
DELP=-COSST(
DELl= DELP
DEL2=-COSST(

DEL3=COSST|!

DO 43_ J=l,6
ECOM(J}=O.

)*COSST(t)*SINST(3)

T(J)*SINST(J+2)

(J }*COSST (J+2)

TtJ}

}*COSST{I)*COSST(?)eCOSST(3}*SINDIF

I)*CFISST( 2 )*SINDIF

2)*COSST(4)eSINST(I)

)*COSST(3}*SINST(I)

XXSIX(J)=SXI{J)

ETADOT=XY(14)*DEGTOR

DELANG=ETADnT*TCYCLE*XNSLOW

WBAR=XY(15)

IF(NFXPNT.EQ.O)GO TO 434

NETADT=ETADOT*FLNP5
NDANG=DELANG*FL2NM2

CALL UPDAT3

EXPERIMENT FOUR (MICROWAVE TRANSMI S SION )

NO INITIALIZATION NEEDEn

MODE FIVE (ATTITUDE HOLD)

NO INITIALIIATInN NFEDEO

MODE SIX (MANUFVER)

MAXRT =XY(I6}*DEGTOR

MODE SEVEN (MANUAL}

NO INITIALIZATION NEFDED
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C

C

BODY RATE SELECTION AND BASELTNE

DO 440 J=lt3

440 EPPREV(J)=O.
NDUN=O

DO 44[ J=lt6

DO 441 K=1_5

NDUM=NDUM+I

GAIN(J,K)=XY(NDUM÷21)

GAINP(J,K)=XY(NDUM÷51)

441 ZOiK)=XY(K+|&)

C*-** CONTROL LAWS 2 AND 3

HNOMP=XZ(1BO)

KSAVE=XY(82)

DO 450 J=l_3

TRQPRD[J+L2)=XY(J+qI)*DEGTOR

ADOTC[J)=O.

450 RDDTC(J)=O,

XKEND=XY(83)*XY{83)

ITER=NY(7)

C**** DESATLJRATION

BDOTMX=XY(qO)*DEGTDR

ADOTMX=XY|gl)aDEGTOR

DO 460 J=1_

NjET(J)=O

FRRLIM(J)=XY(J+R_)*DEGTflR

JETCT (J)=XY(J+R6)ITCYCLE

460 TJCNT(J)=O.

DO 470 J=I_NEVENT

470 CALL STORE(J)

CALL MANUAL

IF(NFXPNT.NE.O)G_ TO 500

XXKC=.OO3373

H=O.

CALL COMP

H=TCYCLF

RETURN

(HMCL AND

+.g9

C [INTRnL I.AW

ITERATIVE)
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C
C
500

501

510

511

541.

CONVERSION TO SCALED FIXPOINT

NHHH=TCYCLE*2.**(NBIT-NH)

DO 50[ J=1,3

NTRATO(J)=TRATIO(J)*FLNPO

DO 501 K=I,3

NMSDBLIJ,K)=MS[J,K]*FLYNPO

NMS[J,K)=NMSDflL(J,K)/NPO

WE=WE*FL2NPO*BIg2-

WE2=WE*WEARTH*I6384-

WE3=WE2*WEARTH*I6384-

WE4=WE3*WEARTH*8192,

OQ 510 J=l,4

NNWF[J}=XXWE{J}

NOMGAE=NNWE[I)/NPO

O0 511J=l,_

DO 511 K=I,3
NML_BL|J,K)=ML{J,K]*FL2NPO

NML(J,K)=NMLDBL[J,K)/NPO
NACDBL=AC*FL2NPO

NAC=NACDBL/NPO

DO 533 J=l,5
NDEL{J)=XDELIJ)*FLNPO

NNSIX[J):XXSIX{J)*FLNPO

NNSIX{6)=XXSIX{6)*FLNPO

NWBAR=WBAR*FLNP5

NMAXRT=MAXRT*FLNP5

DUM=FLNMIO/8.

DO 541K=I,5
NNTO[K)=70{K)*FLNPO

DO 541 J=l,6
NGAIN(J,K):GAINIJ,K)*DUM
NGAINPIJ,K):GAINP(J,K)*FLN_IO

NHNOM:HNOMP*FLNMll

NKSAVE=KSAVE*FLNPO

NXKEND:XKEND*FLNPO

MXBD=BDOTMX*FLNP2
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560

MXAD=ADOTMX*FLNP2

NBSELF=TRQPRD(I4) *FLNM2

NBDTDS=TROPRD ( i=_)*FLNP?

DO _560 J=tt3
NERL !M(J )=ERRL TM (J) tFL2NP!

NHH=O

CA LL COMP

NH H= N HHH

RETURN
END
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Subroutine COMP

Called by. -- MAIN, INITIL

Calls. --DMULT, QUOTNT, SQRTCC, COST, CCATAN, CCASIN, SINCC, COSCC.

Function. -- Simulates control computer program.

Comments. --This subroutine is programmed in two versions -- fixed point and

floating point. Due to compiler limitations, the fixed point version is splitinto two

subroutines: COMP and COMPX.

Figure 3-4 is an overall block diagram of the control computer. Figures

3-5 through 3-16 are the math flow for the control computer program. For these

math flows the following notation is defined for previous values of variables;

Subscript (p) -- Used when a storage location is allocated for the previous
value. For example,

X = X
P

X = a+b

z = X+X
P

Superscript(_) -- Used to indicate the previous value of a variable in an

equation solving for its new value. (t = t + At).
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ENTER

1 /MODE '_

i--_ BRANCH )

'=1

I I

I EXP 1 1

I I EARTH
I MAPPING

I I I
I I

I
I_ --D"I

I FIX & SCALE I

SENSED

DATA

t *

CO SI N E

INTEGRAT!ON

t W

i 1EULER

ANGLES

__1 _

NAVIGATION

INERTIAL HORIZON MICROWAVE

MODE SPECTROMETRY TRANSMISSION

t

COMPENSATION I

I
11

BASELINE

CONTROL

LAW

I

SLOW LOOP

FAST LOOP

2

CONTROL

LAW

DESATU RATION I

TEST I

t t

OUTPUT

DATA

ATTITUDE MANEUVER MANUAL
HOLD

t t I

2,3

I LAW 2and LAW 3 I

PRECOMPUTATION I

ITERATIVE I

CONTROL

LAW

I

EXIT

Figure 3-4. Simulated Control Computer
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ENTER

FIX, SCALE

AND QUANTIZE

INPUT DATA

T
Ar_ i = tri (_°i-_ip) ' i = x, y, z

I I

°/ • • • •
mj 1 = (C°zp + A_z) mi2 - ((_YP + A_Oy) mj 3

m j2 = (_xp + Ar'Ox) mj'3 - (_zp + A(°z) mj 1

• " - " +A_y) " -(_'_p+A_ x) "mi3- (_yp mil mj2

i=1,2

=1

f i= 1,2,3i=1,2

mjip roll

mji = mji ±_tf mji

At • t

m.'.= m" _" (mii + iip). i I . ji = f " " m

m.. = m..
I I *11

t i= 1,2,3j=1,2

I K=2

r
I %=o I

T

I"m.._ m..
. II II

i= 1,2, 3

" = m._ j= 1, 2,3
mij .q

• • p •
m31 = m m -.12.23 m22m_3

m32 = m" m" - " ".13,21 m23mll

• • t •
m33= .mll m'22- m21 m12

1/

m3i-m3i, i= 1, 2, 3

_J_

G

Figure 3-5. Control Computer Math Flow Direction Cosine Integration
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q_" = tan-l(m3".__2 _

\r"33 /

0"-- - sin - 1 (m,31)

,,,m{_/

!

11

t =t" +At
* . *$

10 tk

M

10 t k

._t= k_O ,gk"*-L_
= k!

9 t k

_t= ki'_==0 _k+ 1--

M

¢) t k

gt = kZ 0 gk+ 1.*-_

k!

0 "_0

. ,

=._,_o+._, _o

_ 7/S

i. _ "T < r/SLOW

SLOW I FAST

LOOP _LkOOP= I

Figure 3-6. Control Computer Math Flow Compute Euler Angles, Navigation,
Mode Branch
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©

I = mxp

Sx = Px - R cos (r_ t',. - Rzo sin (ro e t)

.y . yo

. .xo . .e. .zo . . *

yz,:fz+px_. .e

S'2 = S'2+ S'2 + S" 2
.x .y .z

S, = %/'_S'2

vf: Vf

i K=2 I

_'EIX = M'21 (°e

_'EIY = M 22 C_e

9"EIZ = M 23 r_e

Figure 3-7. Control Computer Math Flow Experiment One, Earth Mapping

(Sheet 1 of 2)
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%c :._il Vx,_%1%, +_1 Vz,

v.c : _3 Vx,+.M53v..;,÷M._3vz,

Vxc sec A c
O_zc =_-iZ+_-Zy tan A c +

S"

'_c Vzc sec A c - S" tan A c .
= -fl EIX

S"

J ° . ,

Mil = _zc Mi2

= 1

sl

j'lp = Mi'l _/

_i'1 = _i'] +Atf M i'l _,- i = 1, 2, 3

Mi' 1 = Mi' I J

A c = A + &tf "_'c
.c

I

,i= 1,2, 3

1

M(|: _{] +"_tf (/_i I __ Mj'Ip_j

J
i

- _tf • •

A : Ao+_ IAo+Ao_I

A m = ,Ac

1,2,3

.M_2: %1 .M_3- ,M_l.M_3

.M_2:.Mh_3 -.%1 M.'_3

=1 =2

.< =,rn;2_;3 +.m_2,M_3+.m_2,%3

|

_xc=o I

ICOyc = 0

Figure 3-7. Control Computer Math Flow Experiment One, Earth Mapping
(Sheet 2 of 2)
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°Ix : _i. _{- Slx t

U'2x= sin e_- S2X I

U{z: oo_,{ oo,a{- SlZ,

._: {s2¥,u{x- s,¥Iu:_x)/Ao

,fz = (S2z I ulX - S IXl U2x)/_a

co =0
xc

_yc = 0

r_ =0
zc

Figure 3-8. Control Computer Math Flow Experiment Two, Inertial Mode
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sin l"

co$ I ' =

sin _R =

cos _1_ =

p;

,z

]

¥p;2 +_,z2

l/p? +p;_+. ?

sin _.'= sin _ + .006746 sin _R cos 2 _R

cos )_': cos _'R - .006746 sin 2 _R cos _f_

z EXI =-- sin L'cos )_"

p

z EYi --- sin _."

z EZI = - cos L " cos X"

1

_ 1, NO UPDATE

PDATE FROM STAR TRACKERS ;©

Figure 3-9. Control Computer Math Flow Experiment Three, Horizon
Spectrometry (Sheet 1 of 3)
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Si"x = cos e i" sin aj"

Siy = cos ej" cos aj"

S[ =- sin e[
t: I

j=1,2

i

SIXG m]l S{x * m12 Siy + mi3 Slz

SiZG m31 S{x + m32 Siy_ m33 Siz

S2ZG = m31 S2x + m32 S'2y + m33 S2z

Ulx = SIX G Slxl

ulZ SIZ G SIZI

U2Z S2Z G - S2Z I

8xl (S2xl u'lz Six LU'2z)/Zto

_-7__ (S2yiu_z - s_¥1°2z)/A°

_;, /_ u_x+A2o;z+A3°_z:/A

T

7m. ],'.= mli. -- m2i" _½1 + m3j (_'/" I

i= 1, 2,3

.m2j= m2i- m3 i _XI + mli _ZI

m.. = m..
II * II

i
"l i=1,2, i=1,2,3

)

6
Figure 3-9. Control Computer Math Flow Experiment Three, Horizon

Spectrometry (Sheet 2 of 3)
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rnu_0

.23 ,22 m]3

t • • •

.m32 =m13 m21 -.m 23 m11

+ _ + • p

.m33 =.m11 m, 22 -.m21 m12

@

(Jxc = COAV sin//

+_ = cos
y_ ¢OAV

oazc = TI

_.;: _{2 Z_x, ' .__:2z_¥,+m_2Z_X,

.y . II Z'EXI m2l Z'EYI .m31 Z'EZ I

_z = C° z - _°zc

-, At

_" : _+=+ _ d; +/;,,)
,z 2

/',p=/;

Figure 3-9. Control Computer Math Flow Experiment Three, Horizon
Spectrometry (Sheet 3 of 3)
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COXC _ _L)OV

yc

(_ Z C:-- 0

Figure 3-10. Control Computer Math Flow Experiment Four, Microwave
Trans mission
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=mxp <mX_

_> tENOM

ll

6i c

b=o

6:-6¢

0: 0c

6c=$ c

o: =o:+A,,_:

• . +j._ .°>xc = _c m31

_.._ = '/'5 ,.;.-- 0_" _o. 6"

1 24

mxp

t'=O

A0% 0 e -O"

A,/,'= #+ - ,h"

max {IA_"1,IM'l, I&_'l)
tMIN

¢°B MAX

tENDM = max (tMAN, tMl N)

i,i INCRF'/_S_. tENDM TO THE NEXT

HIGHER MULTIPLE OF At s

(_c - _'/tEND

_:: A_'/,ENo

tEND = tEND- .5 _t s

f: : o"

.+::,/

I
1

?

Figure 3-11. Control Computer Math Flow Mode 5, Attitude Hold; Mode 6,

Maneuver; Mode 7, Manual (Sheet 1 of 2)
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I
?
_c =0

= mxp

0£ = O"

e" =0
k X

*Y

E" =0
.Z

__0"=0"- O"
c

A¢-= C,'-C,_

(" h@'+ " 5¢",x = m31

_" " AVJ'+ A0"¢o_ ¢"
.y = m32

.ze" = m33" ,"k_'- A(_" ':in _"

Figure 3=11. Control Computer Math Flow Mode 5, Attitude Hold; Mode 6,

Maneuver; Mode 7, Manual (Sheet 2 of 2)
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NOTE I: THERE ARE FIVE SETS

OF THE FARAMETERS;

Kel,'-" Ke6 ' KrI,'--'Kr6 ' Zo;

STORED IN THE CONTROL COM FUTER.

THESE CORRESPOND TO THE FIVE

VALUES OF rag.

= 1, SENSED

I NOTE I

k2:-K.2._- K,2(_;-%o>
k3 = - K_3.( _ - Kr3 (c)z- (o'=c)

k4= Ko4.__K,4(_,_-_'_o)

ks=+K.s_;+ Krs(o,;-o,_°)
_6=+K_.,'.+K,6(_;-_;¢)

<

= I,

SENSED RATE

FEED BACK

(_ I _< nSLOW

I m×P:mxI FAST'°°P L)

_ B_ = 2, DERIVED RATE FEEDBACK

L NOTE I

4" = 4- ZoO,

1

kI =_K°I_.;;

_2:- K.2:;"

k3=_ K.3_._"

k4=+K.4._;,"

k 5 = + Ke¢i (.'y

k6=+ K.6 .,_"

1, BASELINE CONTROL LAW

ale = kl sin _z_ + k 3 co== al

_2o=k2,i. _:;+k1....

_3c = k3 sin _z_ + k 2 ¢o$ (z_

_,o=ks°°, _i

Figure 3-12. Control Computer Math Flow Compensation and Baseline

Control Law
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b 1 - HI"

b 2 - H 2

0

cOS a

sin _

0

(°/cos (_3

.... el

Txd = H NOM kl

W

Ty d = HNO M k 2

Tzd = HNO M k 3

Figure 3-13. Control Computer Math Flow Precomputation for Control Laws

2 and 3 (Sheet 1 of 2)
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= 0, DONT MODIFY TORQUE COMMAND

Q

SUBTRACT TORQUES DUE TO BODY RATES

I Tc=T d I

+ H 2 ((o z cos a_ cos ,_-oJ; sir, _)

- N;oo._1(_; co.";+_z "'" _;)

Ty b = H:2 (_z sin (:z2 cos _) + oJ x sin _;)

+H;(_xco.a; co__;- ("z.,n_;)

-- H1 cos _; ((_z cos _{ +(.d x sin (:z;)

-- H 2 cos _; (09 x cos (Z_ + (Oy sin a_))

T¢ =T d - .T b

= 2, ALGEBRAIC J.. _

CONTROL LAW

= 3, ITERATIVE

CONTROL LAW

Figure 3-13. Control Computer Math Flow Precomputation for Control Laws
2 and 3 (Sheet 2 of 2)
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_/_m_c =-_DS sgn _m_
_,_

_T = AT - _m_c --bm_

_1 = _sin _1 /

h2 : i oo,_ oo,_ /
_,in /_2 /

{',,°8; '_

3

A r = _Tc - % _ (aic -_i + ,ei_ -_?
i=l

I

SET m = TO TH E

SET k : TO THE

SET I = TO THE

>0

FOR WHICH i_T'h_lIs A MINIMUM

i= 1, 2, 3, i_m_

FOR WHICH ihm'-*iI is A MAXIMUM

i-1,2, 3

FOR WHICH lhm.l:)il IS A MAXIMUM

i= 1, 2,3, i_ m_

<o tt
I

Aakc = __ T'_h m) (_h m • a k) [

A3mc=[(AT'-"m}-A_kc_k "-"raft/L"ml2
ASmc= [(AT ._=m)-A_k¢ C%---%)]/1_%.12

A_I c = (AT • h m)/(_b m • Iol)

A/_mc = [(AT-Io _)--A/_ I: (k i" k m)]/l_bm 12

AC_mc = [(AT, a m)--A._l¢ _1 " -_m)]/I-a ml 2

-_c = A-_c + Ksac

Figure 3-14. Control Computer Math Flow Algebraic Control Law
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J0 =0

I

Tr=.I c

-ac =_0

_c=O
I

CGi = fc(aic ' _ic' i), i = 1, 2, 3

• Iv l2

Cbj = fc ((zic' /_jc +_' j) - Cgj

• + Iv-'12/_io' i)-
Cai = fc (aic _--_a.' CGi

--r -I

i=1,2,3

SET k = TO THE jFOR WHICH Caj IS A MINIMUM
i- !,2,3

SET I = TO THE J FOR WHICH Cbi IS A MINIMUM

i = 1, 2, 3, i:_m_

f

A,,_kc- (Tr.ak)/!ak! 2

akc - _ kc + Aa kc

CGk = fc (C_kc"/_kc' k)

>0 _ <0

A/'31C : (T r ._bl_/!bl L2

T =T ~A_I c b
-.-: --¢ -i

/glc =/31c + A/_l c

CGI = fc (alc' _c' l)

L

<0

<0

>0

l
Q,)

Figure 3-15. Control Computer Math Flow Iterative Control Law
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I _pAss=,I
I

I • °

LIMIT aic TO aLl M "l i = Ii 2, 3

LIMIT /_icTO '/_LIM

I

SS_ <T/SLOW

I r/PASS _'PAss+l J

_0

I I

I tjm ='_Jm + _tf

<_,m_t-'_'_L

ITi=OI

rn = x, y, z

EXIT

Figure 3-16. Control Computer Math Flow Desaturation Test
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$ [ P,FTC $2 LIST

SUBROUTINE: COMP

C

C

COMNONIS INCOISPACE 130) ,DIRCO( _, _ t

COMMON/FLOTINIXIN(25) ,NXIN (12)

COMMONIFLOOUT/XDUTf 16) ,NXOUT (3)

COMMON/NPSCAL/NM7tNM6tNMStNM4,NM_tNMStNM] _NPO,NPItNP?,NP_tNP4t_qPS,

CNP6tNP7t NPB,NPg

COMMON/SCALER/CSCALEt DSCALE • LSCALE, LLSCAL ,MSCALE t NSC_,LE,PSCALF,

CQSCAL E_RSCALF, TSCALE, VSCALE

INTEGER CSCALE, DSCALE, PSCALE t QSCALE _RS CALE,TSCALE, VSC._LF

COMMON/FL OTSC/FLNN7, FLNM6, FLNMfi, FLNM4 t FL NM _ tFLNM2 tFI_NM I tF L NPf3 t

CFLNPl ,FLNP2 _FLNP ._tFLNP4, FLNP5 tFLNP6,FL NPT, FLNPB,FLNn9,

C FLNMlI,FLNMXOtFLNM8tFLNPI2tF2NM25,F2_IStF2NMXq,FI._NU?,_'LSNM1y

C FL?NPO, FL2NPI

COMMON/M ISCEL/FS tDBLFS, N ,NH, MDLAS T, i4ALFFS

INTEGER FStDBLFSt HALFFS

COMMON/FIXIN/W{3),E(2),A(2),PH,RHtBETA(_)tAI_PHA(3),_nNTC.(3}tFC(3) y

CTM, HCL (3) _MDDE tRATEFB,UPDATE tNGAIN_ LAW,MODCOM tL IM IG (3 ), l_I_OG (3)

INTEGER At ALPHA t BETA_ E, EC, EDOTC, HCL _PH,RATEFR, RH, TM, IIn_A TF, W_

COMMON/OUANT/O IN (25 )_QOUT (16), NFXPNT

INTEGER QIN, OOUT

COMMF}N/FIXOUT/BDOTC(3),ADf}TC(3),AC,ED(3),EP(_),WC(_),JET(_)

INTEGER AC, ADOTC, BDOTC _ED_ EP,WC

COMMON/F. XPIV/ACDBL_ ACDOT,ADSAVF, KOSAC, CP_SWT, _UF_A { ?.),

CFIMFGAE ( 3 ) ,RO( 3), S _SDOT_ SDUM_ SINAC, SINW T• SPR I uE,SREI. (_), SSO, TANAC,

CV(._) , VC (3) ,VD_UB { 3} ,WE_WE2,WE3,WF4

INTEGER ACDBL,AC_[}T,ADSAVE_C_SAC,COSWT, qMFCA,_E_AF_RO,S,

C SDOT t SDUM, S INAC, R INWT, SPRI _F, SR El._ S SO, TANAC, V, VC, VO_qUB, WE e W_2, WFR

CWE4

COM_ON/EXPSV/DFL _DFLP,F)EL! _DEL 2, _FL 3, S IX, SPX, SIY, S2Y_ SI l, S 2 Z,tlI X

CU2X,UIZ,LJ2Z

INTEGER DEL,r_ELP_DFLI,DEL2_DFL3_SIX_S2X_SIY, S2Y_S17 _SP!_UI X_LISX,

CtJlZ ,U?Z

C OM_ON/E XP3V/ANGL E_ C_} SDUM_ CFISL _CF3SLR, COS TH _DFLANGt DEL X_ DEL Y eDEL7

CDBLP I,ETADOT,KC,PREV, PSP(_) ,R,S INDLIM, S INL ,S INLR,S IN2LR, SINTH,

CSPX(2I_SPY(?)_SPI(?I_SIXG_SIZG_S?ZG, WBAR,7, ZFXI_
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C

CZEYI, ZEZI ,EPZDOT

INTEGER ANGLF,CDsr)UM,COSL,COSLR,COSTH, nELANG_F)ELX,r)ELYtnELZ,

CDBLPI ,ETADOT, PREV, PSP,R, SINDUM, SINL ,S INLR, SIN2LR, SINTH, SPX, SPY,

CSPZ, SIXG, SIZG, S2ZG, WB^R

COMMONIMOD567/DELF {3 ) ,ECOM (_), EF)COM |_ )

CM&X,MAXRT tTP, NHHH

INTEGER OELE, ECO_', EDCOM, TENDM, FCQMDP, D

COMMON/C£1NTL I/EPPREV (3) ,GA IN 16,5) ,GAIN

C MAGA( "_),MAGB {3) ,MCA {_ ), MCB (:_}, TROC

CUNITVB(_,3),ZO(5)

,Z ,ZEX I ,ZEY I ,ZEZI ,E P ZDOT

,T ENDM _ECCtMDP (3), DFI TAE ('_),

ELTAE,TP

Pf6,S),EPP(3),HNOM ,KLCL(6),

(_),TROCP(_),UNITV_(_,_),

INTEGER EPPREVtGAINtGAINP,EPP,HNnMtTRQC,TROCP,UNITVA,UNTTVB,ZO

COMMON/CONTL?/DELA(3),I')ELB(3),DOTI(3),DOT2(3),I')OT3(3),DUM1,DUM?,

CKSAVE ,MAGASO(__) ,MAGBSO( "_), TREM(_), TROPRr_ (_) ,UNITVH(3,3)

C , BHOLD, BSELFO, Br)OTDS ,MBM AX

I ,DOT2,DOT3, DUMI, DU_,2, TRE_, TRQPRD, UN I TVHINTEGER DELAtDELB,DOT

C ,BHOLD,BSELFD,BDOTDS

INTEGER TROCPP(3)

FQUIVALFNCE(TROCPP(1)

COMMnN/CONTL3/CGYRO(3

CTDOTA(3),TDnTn{3),TRE

INTEGER CGYRD,CnSTA,C

CXKEND

COMMON/DESAT/ERRLIM{3

INTEGER TJCNT,ERRLIM,

£OMMON/TVECT/DELT,H,T

INTFGER DELT,H,T

COMMQNINAV/F(IO),FDOT

,TRQPRD(I) )

),COSTA(3),COSTI_( 3),RTEST,RUSE,TDESSF_,

MSO, XKFNF), ITER,ND ITER

OSTR, RTFST, RUSE, T DESSO, TDnTA, Tr)rITB,TREMSO,

),JFTCT(3),TJCNT[ 3),GIMtIM(3),BDOTMX,ADOTMX

G IML IM, BDF)TM X, AD_I TM X

[[O},NPASS,NSLOW, XNSLOW

,FDUM(IO),FTOT,G( IO),GDOT,GDU M(ICt),C,TrIT,p(3),

CPO| 3) ,Pr)OT(3) , PD(")TO (3)

INTEGER F ,FDF)T, FDUM, FTF)T, G,GDF)T, GOUM, _TF_T ,p yPO,PDOT, pnnTn

COMMON/DIRCOS/MS(],_),MSDOT(3,3),ML(3, 3),ML,nFIT(3,3),DSAVE(_,3)

CMSDBL (3,3)_MLDRL(3,3),XW(3),WPREV(3),TRATIO!_),DELW(3)

INTEGER DSAVE, XW,WPREV, TR AT ICI,DFLW

COMMON/NTRIG/COSE(2),COSA{2),CBETA(g),CALPHA(3),SINF(2),_INA(2),

CSBETA(3),SALPHA!3},SINED(1),COSED(I)

INTFGER C(ISA, CDSF, CAL PHA, C BETA, SI NA,SI NE, SALPHA, S_ETA, SINF D, CF)SFF)

INTEGER DMt}LT,OHOTNT,SQRTCC,DtJM

INTFGER SCORR
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C

C

C
C
C

C

C

C

FIX AND SCALE SENSED DATA

140

DO 140 I = 1,3

W(1) = FLNP5 * XINII)

E(1)=FLNM2*XIN(I÷3)

A(I+I)=FLNPI*XIN(I+6)

EDOTC(I) = FLNP5 * XIN(I+15)

EC(1)=FLNM2*XIN(I÷18)

BETA(I) = FLNM2 * XIN(I÷q)

ALPHA(1)= FLNM2 * XIN(I÷I2)

HCL(1) = FLNMII * XIN(I÷22)

HCL(I+3}=NXIN(I}

HCLII+&)=NXIN{]+_)

LIMIG(1) =NX IN(I+6)

LIMOG(I) =NXIN(I+q)

A(2)=A(2)I8

EC(2)=EC(2)*?

TM = FLNM8 . XIN(22)

INPUT DATA OUANTIZED

147

DO 147 I = 1,25
IF( IABS(W( I )}.GT.FS)W( I)=ISIGN{ FS,W(I } )

W(II = (W(1)IQIN(I|)*QIN(I)

DIRECTION COSINE INTFGRAT!.n.N

19

K= I

DO 17q J=l,_

DELW( J)= (TRATIO( J)* {W( J)-WPREV( J )))/NPf)

XW !J) =WPRFV(J) ÷DELW (J)

DO 19 J = It2
MSDDT(Jt I) =(XW(3)*MS(J,2))/NPO -(XW(2)*MS|J,_))/NPO

MSDOT(J,2) =(XW(I)*MS(Jt]))INPO-(XW(3)*_S(J,I))/NPO

MSDDT|J,_} =(XW(2)_MS(J,I))INPO -(XW(I )*MS(J,2) )INPn

IF(K.GE.2)GO TO _I

Dr] __ J=l,._

WPREV (J)=W(J)
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191

180

C
C FULF

C

lqO

XW (J) =W(J)+DELW{ J)

DO _3 I = 1,2

r)SAVE(I,J) = MSDDT(I,J)

3.3 MS|(,J) = (MSDBL(I,J) +(H*MSDOT{I,J))/CSCALE)/NPO

K = 2

GO TO 34
31 IF(UPDATE.NE.2)GO TO 32

DO lql J=l,3

DO Igl I=1,3
MSDBL | I, J)=D IRCO( I, J )*FL2NPO

MS( I, J)=MSDBL(I,J)/NPO

NXIN( 3)=0
GO TO lqO

32 DO 35 I = 1,2

Dr} 3'_ J = ],3
MSDBL(I,J) = MSDBL(I,J) +{H*(MSDOT(I,J) + DSAVF(I,J)))/DSC&LE

MS((,J) = MSDBL(I,J)/NPO
MSDBI_(3,I)=DMULT(MSDBL(lt2)vMSDBI-(2,3) )-DMUI_T(MSDF_L (2,2),MSF_BL(lt3

27

28

))

_SDBL (3,2

I 1)

MSDBL (3,3

I ))

DO 180 J=

MS(3,J)=M

)=D_IILT(MSf)BL(I,3),MSDF_L(2t]) )-{)MUL.T(MSF_BL(?, _)'MSF)PI-(I'I

):F)MULT(MSDBL(I,I),MSDBL (2,2))-DMULT(M_r_BL(2,1), _SDPI_( 1,2

1,3
SDBL (3,J)/NP0

R ANGLES AND TRIO FUNCTIONS

CALL CCATAN(ED(
CALL CCASIN(FD(

CALL CCATAN(ED(

DO 27 I = 1,4
CALL SINCE(E(I)

CALL COSEC(E(1)

DO 28 I = I,_,
CALL SINCE(BETA

CALL COSEC(BETA

CALL SINCCIED(I

I),MS(3,2),MS(_,3))

2),-MS(3,1))

3),MS(2,1I,MS(I,1)}

,SINE(I))

,COSE (I ))

(1),SBETA(1))

(1),CBETA(1))

),SINED(1))
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CALL COSCC{ED(I),COSED(I])

IF(NPASS.GE.NSLnW]GO TO [70

IF(MODE-I) 171, I01,171
C

C POSITION AND VELOCITY
C

C

C T ARRAY IS DOUBLE PRECISION
C

170

142

143

T (I )=T(I) ÷DELT

IF (T( I).GT.DBLFS}T( 1} =DBLFS

T( 2]=DMULT[T( 1),T(I ) }
T[3 )= (DMULT{ TI I) ,T[2) )-2)I_

T (4)=DMUL TI T( ! ), T{ 3) )

T[ 5)= {DMULT{T{ 1 ),T(4) )15),4

T[6 )= (DMULT{T[ I) ,T{ 5) )/3]*4

T(7)= [DMULT{T(|) ,T{6] )17).8

T (8 ]=DMULT{ T[ ! )iT(7} )

T( q): (DMULT(T(1},T{8) )/g)*8

T{ IO)=(DMULT IT (I) ,TI9) ) 15)-4
nO 142 J=lylO

FDUM(J)=DMULT(F(J)tT(J])

GDUM [J]=DMULT{G(J), T{ J) )
FTOT= FDUM(2)÷FDUM[3)+(({(((

| 8+FDUM{T))IB+FDIJM(6

GTOT=[(((((( GDUM(!O
! 8÷GDUM{S))/4÷GDUM[4

DO 143 J=2elO
FDUM( J)=DMULT {F (J ),T

GDUM(J) =DMULT[G(J ),T
FDOT=[({ ((( ( FDUM(IO

1 2+FDUM{5] )I4+FDHM(4

GDOT= (( {{ | GDUM(IO

I 4+GDUM{S))I4+GDIJM(4

DO 144 J=l,3

144
C

FDUM(IO)I8+FD!JM(OI)I4+FDUM(R))!

))I4+FDUM(5))I4+FDUM(4)}I4+DBLFS/2

)/_÷GDUM(9))/B÷GOUM(A))/8+GD!!M(I))/4+_D!!M(6))/

])I2+GDUM[3))I2+GDUM(1)

(J-l))

(J-l)}

)IB+FDUM[q) )I4+FDUM(R) )IB+FDUM(7))IF_+FDU_(a) )I

))/2+FDUM(3)+FDI_[2))*2

)/4+GDUM(9))/8+GDUM(B))/R+CDUM[7))/h+GDUM(6) )/

)+GDUM (3)+G(I)

P(J)={DMULT[FTOT,PO(J))+DMULT|GTOT,pDr)TO{J])).p

PDF)T{ J)={DMULT[FDIIT,PO( J} )÷PMULT(GDOT, PDnTO(J) ))-2
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C

C

C

C

C

SELECT MnDE ON MODE BRANCH

GO TO |IOI,I02,103,104,105,106,1071,MODE

10

1R5

EXPERIMENT ONE

I01

155

141

162

IFIMODE. FQ. MDLAST)GO TO 20

K=I

COSWT=IDMULTIWE4,TI4))IIO24-DMULT(WE2, TI?)))/PS&+DBI-FS

SINWT=DMULT(WE,T{ I))-DMULT(WE3,T(3) )/1024

SREL ( l)=P(l )-DMULT(RO (I) ,COSWT)-DMULT( RO (3 ), SINWT )I 8

SREL (2)=P(2)-RO(2)

SREL (3)=P(_)-DMUtT(RO( 3 ), CnSWT) +DMULT( RO (I), SINWT )/a

VDOUR(I)=PDOT( I)-DMULT(P(B),WE)IR

VDOUB (2) =PDOT( 2 }

VDOUB|3)=PDOT(3)+DMULT|P( I),WE)/B

SDUM=O

SSO=O

r_O 14[ J:l,3

V(J) = VDOUR(J}INPO

SSO=SSQ+DMUL T (SRFL( J), SREL (J ) )

SDUM=SDUM÷DMULT( SREL {J) ,VDOUB (J ) )

S=SORTCC (SSO/NM4 )

SC(]RR= ( ( SSQ*16- (S-S) )-128)/S

IF( IABS (SCORR).GT.FS) SCORR=I SIGN lFS,SCORR )

SDOT= (SDUM/S )-4

SDUM= (SCORR*NPO)/S

SDOT= SDOT-( S DUW* SDF)T )/NP8

DUM=AC/4

CALL SINCC (DUM,SINAC)

CALL COSCC |OUM,COSA£)

SPRIME = (S*COSAC)/NPO

DO 185 J=It_

OMEGA [J )=(ML (2,J)*OMEGAE(2) ) INPO

VC(J) = 0

DO I0 K= 1,3
VC (J) =VC (J) +DMULT (MLDBI. (K_ J), VDOUB (K))

VC { J) =VC (J)/NPO
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]!

2O
166

22

2_

181

167

26

TANAC--(S INACtNMI )/COSAC

WC (3 }=(VC (1) -NM3 )/SPRIME

WC { 3) =WC (3)-| SDUMoWC | 3 ) )/NP8
WC(3) = OMEGA(3)/256 +{OMEGA(2)oTANAC) /NP7+WC(3)
ACt')OT =((VC(3)-(SDOTa.SINAC)/NPO)_.NM'4)/SPRIME
ACDOT=AC
ACDOT=AC
DO 11 J=

MLD(]T( Jt
IF(K-2)I

K=2

DO 22 J = 1t3
DSAVE(J_t) = MLDOT(Jtl)

MLDBL(J, | ) = MLDBL(Jt l)
ADSAVE = ACDOT

AC = (ACDBL + (H*ACDOT)/CSCALE)/NPO

GO TO 23
K=3

DO 26

ML DBL
ACDBL

AC =
MLr)RL

] ))

MLt3BL

t ))
MLDBL

I }}
DO 18

ML(J_

DOT-{ACDnToSDUM)/NP8

DOT-OMEGA(t}I2S6

1,3

I) = (WC(_) * ML(J,2))/NPO

66,2[t26

+ (H-MLDOT(J, I))/CSCALE

J = t,_

(J,l) = MLDBL(J,I) + (H-(MLDOT(J, I)-DSAVF(J,I)))/r_SCALE
= ACDBL ÷ (He(ACDOT ÷ ADSAVE})/DSCALF

ACDBL/NPO

(L,21=DMULT(MLDBL(3,I),MLDBL(2,3))-DMULT(MLDBL(2,I),MLD_L(3,3

(2_ 2)=DMULT (MLDBL (I _|) _MLI)BL (3 t_) )-DMtJLT (MLDF_L (:_,I ), _LDRL (L, _

(3,2)=r)MULT(MLDBLI2,II,MLD_L(I,3))-DMULT(MLDBL(I,I),_LDRL(?,

I J=I,3

t)=MLDBL [J, I}INPO

ML (J, 2) =MLr)BL (J, 2)/NPO

IF |K-2) 167_ 155 _ 162
K=?

GO TO I62

EP{ !) =(DMULT (MSDBL (It 2) tMLDBL (1 ,_) )÷DMULT( MSDBL (2,2) ,'_'LF_DL (2,3 } )+

I DMUtT(MSDBL(3,2),MLDBL(3,3)) }*2

EP(2)=(DMULT(MSDBL(I,3)_MLDBL(I,]))÷DMULT(MSDBL(2,_),MLF)BI-(2, I))+

I DMULT{MSDBL(3,3),MLDBL(3, I}))*2
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EP(3]=(DMUET(MSDBL(L,I }_MLDBL(L_2} )+DMULT{MSDBL(2,1},_Lr'}BL (2,2) }+
! DMULT(MSDBLf3tl)tMLDBLf3t2)))o2

WCtl) = 0

WC(2) = 0

GO TD I00
C

C EXPERIMENT Twn
C

102

161

UIX = (SINE(1)-SI.X}

U2X = (SINE(2)-S2X)
Uli =({COSE(1) *COSA{I}}INPO-S17)

EP(1) = OUOTNT(2*{DELI*UIX+DEL2*UIZ+DEL3*U2X),DFL)

EP(2] = OUOTNT(2*(S2Y*UIX-SIYIU2X)tDELP)

EP(_) = OUOTNT(2*(S2Z*UIX-SIT*U2X)tDELP)

DO 161 J=l_3
WC(J)=O

GO TO 100
C
C EXPFR IM
C
C
C CONVERT
C

103

C

ENT THREE

P VECTOR

14

TO SINGLE PRECISION

DO 14 I = I,'_

PSP(I) : P( I)INPO

Z : SQRTCCI(PSP(1)**2 + PSP[3}**2)INPO)

R = SORTCC((PSI)(I)w*2+PSP(2)**2+PSP(3)**2)INPO)

SINTH ={PSP( L)*NPO)IZ

COSTH =( PSP(3)*NPO) IZ
SINLR =(PSP(2I*NPOI/R

COSLR =(IeNPO)/R

SIN2LR= {SINLR*COSLR )/NMI
SINL = SINLR +(((SIN2LR*COSLR)/NPO)*KC)/NP8

COSL = COSLR -( ( {SlN2LRJSINLR)/N,oO)*KC }/NP8

ZEXI =(-SINTH * C,OSL)INPO

IEYI =-SINL

/EZI ={-COSTH * _OSL)/NPO
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C

C

C

C

C

_AKE DECISION TO UPDATE

IF(UPDATE.NF.I)GQ TO 15

UPDATE SECTION

29

17

DO 20 I = 1,2

SPX(1) = (-COSE(I) * SINA(I))/NPO

SPY(I} = (COSE(I} * COSA(I})INPO

SPZ(1) =-SINE(I)

SIXG =(MS(I, I)*SPX( I)+MS(It?)*SPY( I)+MS( 1,3)-SPZ {I ))/NPO

SIZG =(MS(3,1]mSPX(1)+MS{3,2]*SPY(1)+MS(3,3)*SPI(1))/NPO

S2ZG =(MS(3,1)mSPX(2)+MS(3,2)*SPY(2)+MS('_,_),_SPT{2))/NPO
UIX =(SIXG -SIX)

UI/ =(SIZG- SII)

U2Z = (S2ZG - S2Z)

r)ELX = OUOTNT(2*(S2X*UIZ-SIX*U2Z),DELP)/NM7

IF(IABS(DELX).GT.FS)DELX = ISIGN{FS,DFLX)

DELY = OUOTNT(2*(S2Y*UIZ-SIY*U27),F)ELP)/NM7

IF(IABS(DELY}.GT.FS)DELY = ISIC,N(FS,DELY)

DELZ = OUDTNTI2e(DELI*UIX+DEL2*UIZ+DEL_*IJ2/) ,DEL)INM7

TF(IABS(DELZ}.GT.FS)DELZ = TSIGN(FStDELT_)

DO I7 I = It3
MSDBL

MSDBL
r'_ f'_,.,u17

MS(K,

MSDBL

I. ))
MSDBL

l ))

MSDBL

I )}

{l,I) = MSDBL(1,I) + |-_S(2,1)*DELZ+MS{3,I)*DELY)/?_5

|2tl) = MSDBL(2,1) + (MS(I,I)*DELZ-MS(_,I)*DELX}/25&

K = 1,2

I) = MSDBL(K,I)/NPO

(3,1)=DMULT(MSDBL(I,2),MSD_L(2,3))-DMULT(MSPBL(?,2),_SDBL(I,3

|3,2)=DMULT(MSDBL(I,3),MSDBL(2,1))-PMULT(MSDBL|2,_),MSnBL(I,I

(3,3)=DMULT {MSDBL (I,I ), MSDBL {2,2) )-DMULT (mSnBL (?,I), MSF_L (| ,?

DO 182 J=l,_
MS(3,JI=MSDBL(_,,J)/NPO

NXIN(3)=O

ANGLE = ANGLE + DELANG
TF(ANGLE.GE.DBLFS)ANGLE=ANGLE-DRLPI-DBLPI
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IF (ANGLE .LE.-DBLFS) ANGLE=ANGLE+DBLP I+DBLP !

DUM = ANGLEINPO

CALL SINCC(1)UM ,STNDUM)

CALL COSCCIDUM ,COSDUM)

WC(1) : ( WRAR*SINDUM)INPO

WC(2) = (WBARmCFISDUM)/NPO

WCI3) = ETADf']T

EP ( I )= (DMULT [MSO_L ( I, 2 ), Z E X I*NPO )+DMLIL T (MSDBL (2,2 ) ,ZEY I*NP 0 )+

I DMULTIMSDBLI3,2),ZFZI*NPO)}*2

El} |2)=-(DMULT(MSDBL{I,I),ZEXI*NP_)+DMULT(MSDBL(2,1),.7-EYI*NPO)+

I DMULT(MSDBLI3,1},TFZI*NPO))*2

EPZDI]T : W(3} - WCI3)

EP(3] =((H*IFPZDOT+PREV))ICSCALE)*NSLOW+FP{_)

PREV = EPZDOT

GO TO I00

C

C EXPERIMENT FOUR

C

104 EP(I} = PH*NPO

EP (2) =W{ 3)*NM4

EP{3) : RH*NPO

WC(I} = WBAR

WCI?} : 0

WC{3} : 0

GO TO I00

C

C MODE 5

C

!05 DO _0 I : !,3

50 WC(I} = 0

IF (MODE-MDLAST }5 I, 52,51

51 DO 53 I = 1,3

FCOM( I} = ED(I)

53 EP( I} = 0

GO TO 100

52 DO 55 I -- 1,3

55 DELEII) =-ECOM(1) + ED{I)

EP{I) = {MS{_,I)*DELE(_))*8 + DELE{I)*NPB
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C
C
C

150

EP(?l
FP(3)
GO TO

MODE 6

106
56

14q

58

= (NS(3t?)*DFLE(3})*8 +
= (MS(3_3)*DELE(3))*8 -
tO0

{Cr_SED(l }*nFLE(2))*4
( S [NEq( 1 )*_ELE { 2 } )-4

60

59

62
61

IF(MODE-MDLAST)56_7t56
DO 149 I = I_3

DELTAE(I) = FC(I) - ED(I}
DELTAE(2) = DELTAE(2}/2
MAX = IABS(DFLTAF(I))
DO 150 I = 2,3
IF{MAX-IABS(DFLTAE(I)).LT.O)MAX = IARS(DFLTAF(T))
TP = (MAX*NMI)/MAXRT
T ENDM=TM
IF(TN.LT.TP}TFNDM = TP
TP=O
TENDM=((((TENDM_NM2)/DELT)+I)_DELT)/NM2
_0 58 I = 1,3
FDCOM{I)=(DELTAE(I)*NM1)/TENDM
FCOMDP(I) = ED(I)*NPO
TENDM=TENDNoNM2-DELT/2
GO TO 67
TP=TP+DELT
IF(TP -TFNDM}67,Sq_59
ECOMDP(1) : ECONDP(i) +( (NHHH*EDCOM(i))/ILSCAL)*NSL(_W

FCOMDP(2) = ECOM_P(2) +((NHHH*EDCOM(2) )/DSCALF)*NSLnW

FCOMDP(3) = ECOMDP{3) *((NHHH*EDCOM(3))/LLSCAL}*NSLnW

O0 60 I = 1,3

ECOM(1) = ECOMDP{I)/NPO

GO T_ 61

DO 62 I= 1,3

FDCOMII) = 0

ECOM{I) = EC{I}

WC(I) = FDCDM(]) + {EDCOM{3)*MS(3, II)INPO

WC|2) ={EDCOM(3)eMS(3,2))/NPO ÷ (EDCOM(2)*COSED(I))/NPO

WC(3) =(EDCOM{3)*MS(3,3})INPO - {EDCOM{2)*SINFD(1))INPO

GO TO 52
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C

C

C

MODE 7

|07 I F (MODE-MDLAST )63, 64, 63

63 DO 65 I = I•3

65 ECOMDP(1) = ED[I)*NPO

64 DO 66 I = 1,3

66 EDCOM(1) : EDOTC{I)

GO TO 67

C

[00 DO 12 J = 1,3

12 IF( IABS [EP{ J )) .GT.DBLFS)EP (J) : ISI(',N[DBLFS,EP(J) )

WDI A S T=MODE

I F (NPASS.GE. NSLOW)CALL COMPX

1?I NPASS=NPASS+I

IF [NPASS.GT.NSLOW)NPASS=I

GIMLIM(] ):LIMIG(3)

GIML IM[ 2 )=LIMIG(!)

GIMLIM(3):LIMIG(2)

DO 701 J=l,3
IF(JET(J).EQ.O)GO TO 71[

TJCNT (J )=TJCNT (J) +I

IF[TJCNT(J).LT.JFTCT (J)]GO TO 701

JET(J)=O

711 IFIIABS[EP(J)).GT.ERRLIM(J))GO TO 721

IF(GIMLIM[J).EO.O)GO TO 701

721 IDUMMY:ISIGN( I,EP( J ) )+I S IGN (] ,W (J)-WC,[ J ) )

TJCNT(J)=O

IF( IDUMMY)73], 701,741.

73l JET(J)=1

GO TO 701

741 JET(J)=-I

701 CONTINUF

DO 148 I = 1,16

148 XOUT ( I )= (RDOTC ( I )IOI3UT ( I ) ) *OFIUT ( I )

DO 145 I = 1,3

XOUT( I )=XOUT (I ) IFLNP2

XOUT( I+3)=XO[JT(I+3)IFLNP2
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145

XOUTII+7)=XOUTII+7)/FLNM2
XOUT(I÷IO)=XnUT([+IO)/FL2NP1
XOUTII÷I3)=XOUT(T+I_|/FLNP5
NXOUT(I)=JET(1)
XOUT(7)=XOUT(7)/FLNPO
XOUT(9)=XOUT(9}/2o
RETURN
FND
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$1BFTC S2X LIST

SUBROUTINE COMPX

C

COMMON/S INCO/SPACE (30), DIRC{I(3,3 )

COMMON/FLOT IN/XTN [2_5) ,NXIN (]2)

COMMON/FLOOUT/XOUT [16 ) ,NXOUT (3)

COMMON/NPSCAL/NM7 tNM6 _NMfi _NM4 ,NI_, NM2_ NM I tNPO,NP I _NP2,NP'_, NP4_ NP5,

CNP6,NP7, NP8 tNP9

COMMONISCALERICSCALE, DSCALE, LSCALE, LLSCAL, MSCALE tNSCALE,PS CALl::,

COSCALE_RSCALE, TSCAtE tVSCALE

INTEGER CSCALE,DSCALE_PSCALE,OSCALEtRSCALE,TSCALE,VSCALE

COMMON/FLOTSC/FLNMTt F LNM6 tFLNM5, FLNM4, FLNM3, FLNM2, FLNMI ,FL NPO •

CFLNPl ,FLNP2, FLNP3,FLNP4, FLNP5_ FLNP6,FL NPT,FLNPB, FLNPq,

C FLNM | I, FLNMIO ,FLNM8, FLNPI2, F2N_'?5, F2N MI 5 •F?NMIO' FL ?NN'2'FL pN_ I'

C FL2NPO, FL2NPI

COMMON/M I SCFLIFS,DBLFS, N ,NH, MDLAS TtHALFFS

INTEGER FS, F)BLFS, HAL FFS

COMMDN/FIXINIW(3)I,E{2)_A(2)I, PH,RHtBETA{3),ALPHA{3),EDnTC'{3),FC|3)'

CTMt HCL(3 ) _MNDE,RATEFBt UPDATE,NGA IN, LAW, MODCOM, L IMIG( "_),LI MOG(3)

INTEGER A tALPHA tBETA, E_ EC t EDDIC, HCL tPH, RATEFF_, RH, TM,tI_F_ ATE _W,

COMMON/OUANTIOIN f25), OF)UT { 16 }, NFXPNT

INTEGER QIN, OOUT

CFIMMON/FTXOUT/BI)OTC[__),ADDTC(_),AC,ED("_)tEP('_),WC('_),,IET{'_)

INTEGER AC, ADOTC, BDOTC, ED _EP, WC

COMMONIEXPIV/ACDBL,ACDOTtADSAVF,COS_C,COSWT, O._FG_{'_),

CF)MECAE !3) ,RO [ 3), S,SDOT, SDUMt SINAC,SINW T, SPR IWE,SREL (3), SSO, TANAC,

CV{ 3),VC( 3 ], VDOUB ("_) ,WE, WE2, WE_,WE4

INTEGER ACDBL,ACDOT,ADSAVE,CI')SACtCnSWT, F}MECA,OMEGAF,ROtS,

CSDI]T,SDUMtSTNAC_SINWTtSPRIMFtSRELtSSQ, TANAC,V_VC,VDnUBtWF,WE?,WE3,

CWE4

COMMON/E XP2V/DEL,DELP tDEL I, DEL2, F)EL_, S IX, S2X , SIY_ S2Y, $I 7_,S 2Z tLllX,

CU2X_UIZ,U2Z

INTEGER DEL,DELP,DELI_DEL2,DEL3,SIXtS2X, SIY, S2Y,SLZ,S?I,UI X,U2×,

CUIZ ,U2Z
CDMMIDN/E XP3V/ANGLEt COSDUM,CI]SL,CI')SLRt C nSTH,DFLANG, DELX _,nEL. Y,DEL 7,

CDBLPI,ETADOT,KC,PRFV,PSPI3)tR,SINDUM, SINL_SINLR,SIS'J?I-P,STNTIIt

CSPX[ 2 ]_SPY[ 2 ) _SPZ(2) tSIXG_ SI 7G_S?/G _ WRAR_I, IEXI,

C_EYI, ZE7 I,EPZDOT
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C
C
C

INTEGER ANGLEtCOSDUMtCOSLtCOSLRtCOSTH_DELANG,DELXtDELYtDELZ_
CDBLPI t ETADOT_ PREVtPSPtRt SINDUM t SINL IS INLR _SIN2LRI S INTH_ SPX_ SPY_
CSPZ t SIXGt S|ZG_ S2ZGt WBAR •Z _ZEXI tZEY I t ZEZI tEPZDC}T
COMMONIMODS6?IDELE(3) tECOM (3) _EDCOM(3) _TENOM,ECOMDP (3) vDELTAE (3)

CMAX tMAXRT tTPt NHHH

INTEGER DELE, ECOM _EDCOMt TENDMt ECOMDPv D ELTAEt TP

COMMON/CONTL1/EPPREV(3) tGAIN(6_5) ,GAINP(6,5) ,FPP (3) _HNOM ,KLCL (6) ,
C MAGA(3) tMAGB{3) tMCA(3) vMCB(3) _TRQC (3) tTROCP (3) tUNITV_ (3_) t

CUNITVB(3t3) tZO(5)

INTEGER EPPREV_GAIN_GAINPtEPPtHNOMtTRQC_TRQCPtUNITVA_UNITVB_ZO

CONMON/CDNTL2/DELA(3) tDELB (3) ,DOTI ('_)_ DOT2 (3) ,DOT3 ('_)•DUM I ,DUM2,

CKSAVEtMAGASQ(3) _MAGBSQ(3) ,TREM(3) _TRQPRD('_) ,UNITVH('_,3)

C _BHOLD _BSELFD_ BDOTDS _MBMAX

INTEGER DELA_DELB_DOTI_DOT2_DOT3_OUMI,DUM?tTREM•TRQPRDtUNITVH

C tBHOLD_BSELFD_BDOTDS

INTEGER TRQCPP (3)
EC)UIVALENCE ( TROCPP( 1 ) t TROPRr)( 1 ) )
COMMON/CONTL3/CGYRO(3) _COSTA(3)tCI'JSI'B(3}•RTESTtRUSEtTDESSQ_

CTDDTA (3) tTDOTB (3) ,TREMSQtXKEND_ ITER,ND ITER

INTEGER CGYRO_COSTA_COSTB_RTEST•RUSE_TDESSO_TDOTA•TF)OTB,TREMSO•

CXKEND

CDMMDN/DESAT/ERRLIM(3)tJETCT(3)_TJCNT(3)•GIMLIM(3) _BDOT_X_ADOTMX

INTEGER TJCNT _ERRL IM _G IML IM _BDf')TMX, ADO TMX

COMMON/TVECT/DELT_H, T (tO) ,NPASS _NSLDW, XNSLOW

INTEGER DELT_H,T

COMMONINAV/FIIO),FDOTtFDUM(iO),FTOT,G( iO),GDOT,GDU_,(i,'_},C, TOT,P(3),

CPO (3) _PDOT(3) •PDOTO (3)

INTEGER F _FOOT _FDUM_ FTOT_G _C,DOT _GDUM_ G TOT _P _PO _PDOT, PDOTC)

COMMON/DIRCOS/MS(3_3)_MSDOT(3_3),ML(3,'_),MLDOT(3t3),D(;AVF(3,_)

CMSDBL (3_3)_MLDBL (3_3) _XW(3) tWPREV(3)_TRATIO(3) ,DELW (3)

INTEGER DSAVE •XW tWPREV _TRAT IO_DELW

COMMDN/NTRIGICOSE (2) ,COSA (2) ,CBETA( "_),CALPHA (3), SINE (2) ,ST NA (2),

CSBETA (3) tSALPHA(3), SINED( I ),COSEr_{ I )

INTEGER COSA_COSE_CALPHA_CBETA_SINA•SINE•SALPHA_SRETA_SINED_COSED

INTEGER DMULT _COST_DUM

BODY RATE SELECTION AND BASELINE CONTROL LAW
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C

C

C

NFB=O

IF (RATEFB,EQ. 1 }NFB"-I

130 7l I = 1,3
EPP(I ) = EP(I) - DNULT(ZO(NGAIN)*NPOtEPPREV(I))*(1-NF_,)

71 FPPREVII) = EP(])

IF(N. GE.I4)GO TO 94

DO 74 I = l,_

KLCL(I) = DMULT(-GAIN(I,NGAIN)*NPO,EPP(1))_VSCALE - (GAINP( I,NqAI_!

ClolW( I)-WC(II)*NFB)INM7

74 KLCLtI÷3) = DMULT(GAIN(I÷3,NGAIN)*NPO,EPPII})*VSCALE + (3AINP(I÷3,

CNGA IN)* (W( I )-WC ( I ) )*NFB)/NM7

GO TO 82

94 O0 q5 I = 1,3

KLCL(I) = DMULT{-GAIN(I,NGAIN)*NPOvEPP (I))/TSCALE - (r_AINP( I,NGAIN

C)*(W( I)-WC( I ) )*NFB)/NM7

95 KLCL{I÷_) = DML)LT(GAIN{I÷3,NGAIN}*NPO, FPP(1)}/TSCAL_ ÷ (_AINP(I÷3,

CNGAIN)*(W (I)-WC( I ) )*NFB )/NM7

82 DO 96 J= l ,6

96 IF(IABS(KLCL(J) ).GT.FS)KLCL(J)=ISIGNIFS,KLCL(J))

IFfLAW.GF.2)GO TO 73
ADOTC ( t )

ADOTC (2)

ADOTC (3 )

BDOTC (I )

BDOTC {2)

BDOTC (3 )

GO TO

=(KLCLtl)*SALPHA{I))/NPn +

=(KLCL(2)mSALPHA(2))/NPO ÷
=(KLCL(3)tSALPHA(3))/NPn +

=(KLCL(_)*CBETA(I||/NPO
=(KLCL(6)*CBETA(2))/NPO

=(KLCL(4)mCBETA(3)}/NPO

108

(KLCL(3)mCALPHA(I))INPO

(KLC L (I )*CALPHA (2) )INPO

(K LCI. (2) *CALPHA (_ ) )/NPO,

PRELIMINARIES TO CONTROL LAWS 2 AND 3

73

75

DO 75 I = 1,3

UNITVA(I,I) = SALPHAII)

UNITVB(I,I) = (CALPHA(1)*SSETA( I))/NPO

UNITVA{I,2) = 0

UNITVAI],3) = CAtPHAll)

UNITVA(2,I) = CALPHA(2)

UNITVA(2,3) = 0

IINITVA(3,I) = 0
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UNITVA(3_2)

UNITVB(I_2)
UNITVB( 1,3]

UNITVB(2t 1)
UNITVB(2t3)

UNITVB(3t I)

UNITVB(3,2)

MBMAX=I
DO 79 I =

MAGA (I ) =

MAGB ( I) =

174

173

= CALPHA(3)

=-CBETA(I)

=(-SALPHAII)*SBETA(1))/NPO

=(-SALPHA(2)*SBETA(2))/NPO

=-CBFTA(2)

=-CBETA(3)
=-(SALPHA(_)*SBFTA(3))/NPO

193

(HCL(1)*CBETA(1))INPO

HCL(1)

TROC(1)=(HNOM*KLCL(1))INMI

IF(IABS(TRQC(I)).GT.FS)TROC(1) = ISIGN(I:S_TROC{I) )

IF(IABS(BETA{I)).GT.IABS{BETA(MBMAX))) M_AX=I

79 TROCP (I)=TRQC (I)

IF(IABS(BETA(MBMAX)).GE.BSELFD)GFI TO 174

MBMAX=O

GO TO 173

BDOTC (MBMAX) =0

IF(MODCnM.EO.OIGO TO 163
MCB(|)=(HCL(1)*I(((W(2]tSALPHA(].))/NPD)*CBETA{I) )/NPO+(W(3)*SfiETA

I (I))/NPO))/NPO+(HCL(2)e((((W(3)*CALPHA(2))/NPO)*CBETA(2))/NPO-(

2 W(2)-SBETA(2))/NPO))/NPO-(((HCL{3}*CBETA(3))/NPO)*((W(2)_CALPHA

3 (3))/NPO+(W(3)*SALPHA(3))/NPO))/NPO

MCB(2)=(HCL(2)*(i((W(3)t'SALPHA(2))/NPD)*CBETA(2))/NPQ+(W{I )*SBEI"A

I (2))/NPO))/NPO+{HCL(3)*(|((W(i)_CALPHA(3))/.,"_PO)_CP,_TA{3})/NPq-(

2 W(3)*SBFTA(3))/NPO))/NPO-(((HCL{I)*CBET_(I))/NPO)*({W('_)*CALPHA

(I ))/NPO+(W (I)*SALPHA (I) )/NPO) )/NPO

MCBI3)=(HCL('_)*((I{W(!)mSALPHA(3))/NPD)*CBETA(3) )/NPO+(W(2)-_SB_TA

I (3))/NPO))/NPO+IHCL(1)_{(((W(2)JCALPHA(1))/NPO)*CBFTA(1) } /NPO-(

2 W(|)eSI_ETA(1) )/NPO))/NPO-(((HCL(2)_CBETA(2))/NPO)e((W(1)*CALPHA

3 (2))INPO÷(W(2)eSALPHA(2))/NPO))/NPO

nO 85 I = I_ 3
85 TROCP(1)=TRQCP(1)-MCB(I)/4

C

C CONTROL LAW 2 {ALGEBRAIC )
C

163 IF(LAW.NE.2)Gfl TO I09
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176

175

II0

114

DO 110 T = ]t3

OELB( I ) = 0

DELA(I) = 0

UNTTVH( I, I ) = (CBETA( I )*CALPHA( I ) )/NPO

UNTTVH(I,2) = SRFTA(I)

UNITVH(I_3) = -(CBETA(1)*SALPHA(1))/NPO

UNITVH(2,1) = - (CRFTA {2)*SALPHA (?) )/NP 0

UNITVH(2,3) = SBETA(2)

IJNITVH(3, I) -- SBFTA(3)

UNITVH(3_2) = -(CBETA(3)wSALPHA(3))/NPO

DO Ill I = It3

TRQPRD(1) = 0

DO ll2 J = 1,3

112 TRQPRD(1) = TRQPRD(1) +(((UNITVB(J,I)*_.DOTC(J))/NPO)*_AGB(J))/_I+

C(((UNITVAIJ,I)*AI_OTC(J))INPO)*MAGA(J)) INMI

It! TROCPP(1)= TROCP(1) - (KSAVE*TROPRD(1))INPO

IF(MBMAX.EQ.O)GO TO 175

DEL[_ (MBMAX)=IS IGN( BDOTDS,-RETA(MBMAX) )

DUM= (DELB(MBMAX)*MAC, B (MBMAX) )/NM]

DO 176 J=l,3

TROCPP(J)=TROCPP(J)-(DUM*UNITVB(MBMAX, J) )/NPO

DO It3 J = 1,3

ADDTC(J) = (KSAVF*ADf)TC(J))INPO

BDOTC(J) = (KSAVF*BDOTC(J))/NPO

DOTI(J) = 0

DO 113 I = 1,3

113 DOTI(J) = DOT](J) ÷ (TRQCPP(1)*UNITVH(J,I))INPO

MI = I

IF(MBMAX.EO. l)Ml=2

DO I14 J = 2_3

IF( IABS(DOTI (J)).LT. IABS(DOTI (M 1 ) ). AND.J .NE.MBMAX )MI=J

DO I15 J= 1,3

116

OOT2(J) = 0
DOT3(J) = 0

DO 116 [ = 1,3
DOT2(J) = DOT2{J)

r)OT3(J) = DOT3(J)

DOT2(J) =

÷ (UNITVH(MI, I ) *UNITVA (J, I ) )/NPO

÷ (UNITVH(MI,I)*UNITVB(J,I))/NPO

(MAGA(J)*DOT2( J ) )/NPO
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115 T)OT_(J) = (NAGB(J)eDOT_(J})/NPO
DOT2(HI) = 0
DOT3(RI) = 0
M2A = 1
MZB = l
IF (MBMAX.EQ. l }MZB=2
DO rE7 J = 2,3
IFfIABSfDOT2fJ)).GT.IABS{DOT2(M2A)))M2A = J

IX7 IF (IABS(DOT3 (J )).GT. IABS|DOT_ (M2R)).ANr). J.NE. MRMAX) M?B=J

IF( IABS( DOT2 (M2A) )-lABS {DOT3( M2B )))118,118,119
ll9 DELA(M2A) = (DOT](MI)*NMI)IDOT2{M2A)

DUM! = 0

DUM2 = 0

DO 120 J = I,3

DELB(MI) = DELB(MI) + (TRQCPP(J)*UNITVR|MI,J))INPO

DUMI = DUMI ÷ (UNITVA(M2A,J)mUNITVBfM1,J))/NPO

OELA|MI) = DELA(MI) ÷ (TRQCPP(J)*UNITVA(M1,J))/NPO

120 DUM2 = DUM2 + (UNITVA(M2A,J)*UNITVA(MI,J))/NPO

r)ELB(M[) = ((DELBIMI)I2 - (((DELA(M2A) *DI,IM])INPO) *MAr,A(M?A ))/NPO)*
CNPO) IMAGB (MI)

DELA(M[) = ((DELA(MI)/2- (((r)EL&(M2A)*nUM2)/NPO)*MAGA(M)A))/NPO).
CNPO)/MAGA(M! )

r,O TO ! 2 l
118 T)ELBfM2B) = (DOTI(MI)*NMI)IDOT3(M2B}

DUMI = 0

DUM2 = 0

DO 122 J : 1,3
DELB(M[) = DELB(MI) ÷ (TRQCPP{J)*UNITVB(MI,J))/NPO

DUMI = DUMI ÷ (UNITVB(M2B,J)*UNTTVB(MItJ})/NPO

DELA(MI) = DELA(M[) + {TROCPP(J)*UNITVA|M1,J))/NPO
122 DUM2 = DUM2 + (UNITVB(M2B,J)*UNITVA(M],J))/NPO

DELB(MI) = ((DELB{MI)/2- (!(DELB(M2B)*r)UMI)/NPO)*MAGB(M2_))/NPO}*
CNPO)/MAC, R (M1)

DELA(MI) = ((DELA(M1)/2 - (((DELF_(M2B)*DUM2)/NPO)*_,AC,_(u?P_))/NPO).
CNPO)/MAGA(M| )

121 DO 123 J = l,__
ADOTC(J) = At')OTC{J) + r)ELA(J)

123 BDI3TC(J) = BDOTC(J) + DELB(J)

- 3-63



C

C

C

GO TO I08

178

177

CONTROL LAW 3 (TTERAT[VE)

109

125

12#

127

129

TREMSQ = 0

TDESSQ=O

DO I75 J=l,3
ADOTC(J} = 0

BDOTC(J) = 0

TREM{J) = TRQCP{J}

MAGASQ{ J) ={MAGA{ J}m*2)/NPO
MAGBSO(J ) = {MAGB {J )**2)/NPO

nO 125 I = 1,3
UNITVA(J

UNITVB( J
,I) = {MAGA{J)*UNITVA{J,I)}/NPO

,I) = {MAGB(J)*UNITVB(Jtl))/NPO
IF(MBMAX.EQ.O)GO TO 177

BDOTC {MBMAX)=I S IGN( BDOTDS t-BETA {MBMAX ) )

DO 178 J=l,3

TREM (J)=TREM(J )-(BDOTC (MBMAX)*UNI TVB{ MBMAX,J ))INMI

DO 124 J=l,'_
TREMSO = TREMSO + (TREM{J)**2)/NPO

TDESSQ=TDESSQ+ (TROC {J }*'2)/NPO

CGYRO{ J) =

DO 126 K =

DO 127 J =
TDOTA { J ) =
TDOTB (J } =
DO 127 I =
TDOTA(J) = + (TREM(I)wUNITVA( J, I))/NPO
TDOTB{J) = + {TREM{I)*UNITVR{J,I))INPO
.MINA = ]

MINB = t

IF {MBMAX. EQ. I )MINB=2

DO 128 J = 1,3

IF{TDOTA(J) ) 129,1301120
RTEST = {TREMSO*NM1)/TDOTA{J)
COSTA{J) = COST{ADOTC{J)+RTEST,BDOTC(J)_,J)

IF{COSTA(J).LT. CnSTA(MINA))MINA = J

COSTIADOTC(J),BDOTC{J),J)

I,ITER
1,3

0
0
1,3
TDOTA{J)

TDOTB{J)

- CGYRn(J)
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GO TO 131
130 COSTA(J) = FS

131 IF(TDOT_(J))132,133,132

132 RTEST = (TREMSO*NMI)/TDOTB|J]

COSTR[J) = COST(Af)OTC(J) tBDOTC[J]+RTEST,J) - CCYRO(J]

lF [COSTB ( J]. LT.COSTB (MINE). AND.. J.NE.MB MAX )HINB=J
GO TO 128

173 COSTB(J) = FS

128 CONTINUE

IFICOSTA(MINA}-COSTBIMINB))I34, I34tI35

134 RUSE - {TDOTA(MINA)*NMI)/MAGASQ(MINA)

DO 136 J = 1,3

136 TREM(J) = TREMIJ) - (RUSE*UNITVAIMINA,J))/NM[

ADOTC(MINA) = ADOTC{MINA) + RUSE

CGYROIMINA) = CDST(ADOTC(MINA),BDDTCIMINA),MINA)
GO TO 1_7

135 RUSE = (TDOTB(MINB)*NMI)/MAGRSOIMINB]

DO 138 J = 1,3

]3@ TREM(J) = TREW(J) - (RUSE*UNITVR(MINR,J))/NMI

RDOTC(MINB) = BDOTC(MINB) + RUSE

CGYRO(MINB) = COST(ADOTC(MINR),BnOTC(MINB),MTNB)

137 TREMSQ = 0

DO 139 J = It3

I_9 TREMSQ = TREWSQ ÷ (TREM(J)**2)/NPO

IF(TREMSO.ET.(XKCND*TDESSO)/NPO)Gn TO 154

i26 CONTINUE

NOITER = ITER

GO TO I08

154 NOITER = J
C

C

C

IOR

160

nESATURATION

O0 160 J=l,3

IF{IABS(BDOTC(J)).GT.BDOTMX)BDOTC,{J)=ISIGN(PDOTMX_P, DnTC(J) )

IF (I ABS( ADOTC (J) } .GT. ADOTMX) ADOTC (J)=I SIGN( A_QTMX, ADnTC (J) )

RETURN

PND
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$TBFTC

C

C

$3 LIST

SUBROUTINE CriMP

COMMON/SINCD/SPACE(30), DIRCO( _, 3)

COMMON/FLOT IN/XIN (25) ,NXIN(12}

COMMON/FLOOUTIXOUT(16) •NXOUT {3)

COMMON/MI SCEL/FS,DBLFS•N ,NH,MDLAS T, HALFFS

CDMMON/FIXIN/W(3)•E(2),A(2),PHtRH,BETA(3),ALPHA(3),ED.nTC(_),FC(_)'

CTM•HCL(3) ,MODE •RATEFB,UPDATE,NGA IN, LAW ,MODCnM, LI MIG (3), LIMOG( 3 )

INTEGER RATEFB,UPDATE

COM_ON/FIXDUT/BDOTC (3) ,ADOTC(3) ,AC,ED(3) ,EP(3) •WC (3) ,.IET( 3 )

COMMONIEXPIVIACDBL,ACDOT,ADSAVE,COSAC, COSWT, OMEGA(3),

COMEGAE( 3 ),RO (3 |, S, SDOT,SDUM, S INAC, SINWT, SPRIME,SRFL (3) , SSQ ,TANAC,

CV(3) •VC( 3)•VDOUB(3) •WE,WE2•WF3,WF4

COMMON/F XP2VIDEL,DELP•DELI •DEL2,DEL3•S 1 X, S2X, SI.Y• S2Y, SI Z, SPZ,UIX,

CU2X,UIZ,U2Z
COMMON/EXP3V

CDBLPI ,ETADOT

CSPXI2),SPY(2

C/EYI,ZEZI,EP

REAL KC

COMMON/MOO56

CMAX •MAXRT •T

REAL MAX,MAX

COMMON/CONTL

C MAGA(3) ,

IANGLEt COSDUM •CDSL,CnSLR,C DSTH,OELANC,, DFLX,PFLY,DFL l,

,KC, PREV,PSP (3) •R,SINDUM,S INL,SINLR,SIN2LR, SINTH,

) ,SP7 12) • SIXG, SIZG, SPZG, WRAR ,_, ZEXI,

7DOT

71DELF(3),ECOM(3),EDCOM(3) ,TFNDM,FCnMDP{3},DFLTAF(_),

P,NHHH

RT

I/EPPREV(3)•GAIN(6,5),GAINP{&,5),FPP(3) ,HNNM ,Klr. L(6),

MAGBI3),MCA(3),MCB(3),TROC (3),TROCP(3),UNITVA(3,3),

CUNITVB(3,3) ,ZO(5)

REAL KLCL,MAGA,MAGB •MCA, MCB

COMMON/CONTL2/DELA(3) ,DELB (3) ,DOT1 ( 3), DOT2( 3), DOT3 (3) ,DUMI ,DU_?,

CKSAVE,MAGASO (3) • MAGBSQ(3) • TRFM(3) ,TRQPRD (3), UNITVH (3, _)

C •BHOLD_ BSELFD_ BDOTDS • MBMAX

REAL KSAVE,MAGASO•MAGBSO

DIMENSION TRQCPP(3)

EQUIVALENCE (TRQCPP(I) ,TRQPRD (I ) )

CDMMDN/CONTL31CGYRO(3)•CDSTAI3)•COSTBI3)•RTEST,RUSE,TDESSO•

CTDOTA (3) ,TDOTB 13) ,TREMSO• XKEND, ITER,NO ITER

COMMON/DESAT/ERRLIMI3),JETCT(3)•TJCNT(3),GIMtIM(3),BDOT_X,ADOT_X
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C
C
C

C
C
C

179
34

INTEGER TJCNT,GIMLIM

COMMON/TVECT/DELT,H,T (I0) ,NPASS, NSLOW, XNSLOW

COMMON/NAV/F(I0), FDOT,FDUM fI0), FTOT,C,( I0 ) ,GOOT,r, DUM (I0) ,r,TOT, P( 3),

CPO(3) ,PDOT(B },PDOTO(B)

COMMON/DIRCOS/MS|B,B),MSDOTIB,3),ML(3,3) ,MLDOT|_,_),DSAVE(_,3),

CMSDBL (3,3) ,MLDBL (3,3) ,XWf3) ,WPREV(3 ),TRATIO (_) ,DELW(3 )

REAL MS,MSDOT, ML,MLDOT,MSOBL,MLDBL

COMMONINTRIGICOSF|?) ,CF)SA[ 2),CBETAI3), CALPHA! 3) ,SINE (?) ,SI NA|?) ,

CSBETA (3), SALPHA (3), S INED( I),CQSEn (I )
DATA TWOP II_.283185BE0/

EQUATE THE INPUT VECTORS

DO 140 I = 1,37

140 W(1) = XIN(1)

DIRECTION COSINE INTFGRATION

K=I

DO 179 J=l,3
DELW(J)= TRATIO(J)*(W(J)-WPREV(J))

XW(J)=WPREV(J)+DELW(J)

DO 19 J = 1,2

MSDOT(J,I) =XW(3)*MS(J,2) -XW(2)*MS(J,3}

MSDnT(J,?) =XW(1)*MS(J,3) -XW(3)*MS(J, I}

i9 MSDOT(J,3) =XW(2)*MS(j,i) -XW(1)*MS(J,2)
IF|K. GE.2)GO TO 31
DO 33 J=l,3
WPREV(J)=W(J)

XW(J)=W|J)+DELW|J)
DO 33 I = 1,2

DSAVE(I,J) = MSDOT(I,J)

33 MS|I,J) = MSDBL(I,J) + H*MSDOT|I,J)
K=2

GO TO 34

311F(UPDATE.NE.2}GD TO 32

DO 191J=l,3
00 lql I=1,3
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C

C

C

|91

32

35

MSDBL ( I, J )=DIRCO( I, J)
MS( I, J)=MSDBL (I,J)
NXIN( 3)=0
GO TO 190

r)o 35 I = 1,2
DO 35 J = 1,3

MSDBL ( I, J) = MSDBL (I,J)

MS{I,J) = MSDBL(I,J)

MS{3,I) = MS(It2)*MS(2t3)
MS{3,2) = MS{I_3)*MS(2_I)

MS(3,3) = MS{I,I)*MS(2t2)

EULFR ANGLES AND TRIG FUNCTIONS

190

27

28

C

C POSI

C
170

I/+2

ED{1)=ATAN2IMS(3,

ED{2)=ASINI-MS(3_

ED(3)=ATAN2{MS(2,

2),MS(3,3))
I))

I),MS(I,I))

DO 27 I = 1,4
SINE(I) = SINIE(I))

COSE(I) = COS(Eli))

Dn 28 I = 1,6
SBETA(1) = SIN(BETA{I))

CBETA(1) = COS(BETA{I))

SINED(1) = SIN(ED(1))

COSED(1) = COS(ED(1))

IFINPASS.GE.NSLDW)GO TO 170

IF{MODE-I)I71,101,17I

TION AND VELOCITY

+(HI2.)*(MSDOT(I,J)+DSAVE(I,J))

- MS(2,2)eMS (I,3)

- MS(2,3)oMS (I,l)

- MS(2,1)mMS (1,2)

T(1)=T(1)÷DELT

FTOT=O.

GTOT=O.

FDOT=O.

GDOT=O.

DO 142 J=2,tO
T(J)=T(I)*T(J-1)/FLOAT(J)
DO L65 K=2tlO
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C

C

C

C

C

C

165

144

J=12-K
FDOT=FDOT+F ( J IeT (J-I)
GOOT=GDOT÷G( J )wT(J-1)
FTOT= FTOT+F ( J ) oT ( J )
GTOT=GTOT+G(J)*T (J)
FTOT= FTOT+I.
GTOT=GTOT+T ( 1 )
GDOT-GDnT+I.
00 144 J=It3
P ( J ) =FTOT*PO ( J ]+GTOT*POOTO f JJ
POOT ( J)=FDOT*PO[ J ]+GOOT*POOTO(J |

SELECT MODE ON MODE BRANCH

GO TO [IOI,102,103,104,105,106,107) ,MODE

FXPERIMENT ONE

I01 IFIMOOE.EQ.MOLAST)GO TO 20

K=!

155 COSWT=WE4*T(4)-WF2*T(2]+I.

SINWT=-WE3*T(_)÷WE*T(I)

SREL(I)=P[I)-RO(I]*COSWT-RO(3)*SINWT

SREL(2]=P(2)-RO(?]

SREL(3)=P(3)-ROI3)*COSWT÷RO{1)*SINWT

VDOUB(1)=PDOT(!)-P(3)*WE

VDOUB(2)=PDOT(2)

VDOUB(3)=PDOT{3)÷P(I}*WE

SDUM=O.

SSQ=O.

_0 141J=l,3
V(J) = VDOUB(J)

SSO=SSQ÷SREL(J}**2

141SDUM=SDUM÷SREL[J)eVDOUB[J)

S=SORT(SSO]
SDOT=SDUM/S

162 SPRIME = S*COS(AC)

00 10 J = 1,_
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(]MEGA [J)=(ML [2, J )*OMEGAE (2 ))

VCfJ) = O.

DO 10 K = I,_

10 VC(J) = VC(J) + ML(K,J) * V(K)

TANAC = SIN(AC)/COS(AC)
WC(3) = OMEGA(3) + OMEGA(2) * TANAC + VC(1)/SPRIME

ACDOT = (VC(3)-St_OT*SIN(AC))/SPRIMF - OMEGA{l)

DO ll J = 1_3
It MLDOT(J,I) = (WC(3) * ML[J,2))

IF(K-2) 166, 21,26

20 K= 2

166 DO 22 J = 1,3

DSAVE(J,I) = MLDI3T[J,I}

22 Mr(Jr1) = MtDBL(J,1) + HQMLDOT(J,I)
ADSAVE = ACDOT

AC = ACDBL + HoACDOT

GO TO 23

21 K=:_

O0 24 J = 1,3

MLDBL(J,I) = MLDBL(J,I) + H*(MLDOT(J,I)+ F)SAVE(J,I))I2.

24 ML(J,I) = MLIBL(J,I)
ACDBL = ACDBL + He(ACDDT + ADSAVF)/2.

AC = ACDBL

23 ML(I,2) = ML(3,1)eML(2,3) - ML(2,1)e,WL(3,3)

_L(2,2} = ML(I,I)*ML(3,3) - ML(3,1)*ML(I,3)

ML(_,2) = ML(2,1)oML(1,3) - ML(I,I]*ML(2,3)

IF (K-2) 167,155,162
167 K=2

GO TO 162

26 EP{I) = MS{I,2)*ML(I,3)+MS(2,2)*ML(2,3)+MS(3,2}*ML[3,_)

F_P(2) = MS[I,3)*ML(I,I)+MS(2t3)*ML(2tl)+MS(3,3)*ML(3,1)

EP(3} = MS(I,I)*ML[It2)+MS(2,1)*ML(2,2)+MS(3,1)wML(3,2)

WC(1) = O.

WC(2) = O.
GO TO 100

C
C F,XPF,RIMENT TWO
C
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UIX = S1XG - SIX
UIZ = SIZG- SIZ
U2Z = S2ZG - $27

DELX = (S2X*U1Z- SIX*U2Z)/DELP
DELY = (S2Y*U1Z- SIY*U2Z)/DEtP
DELZ = (DELI*UIX + DEL2*UIZ + DEL3*U2Z)/DEL
DO 17 I = 1,3

MSDBL |l, I )=MSDBL( 1, I )-MS(2, I )*DELZ÷M5( 31 I )*DELY
MSDBLIT,I)=MS(ltI)*DELZ+MSDBL(2,I)-MS(3, I)sDELX
DO 17 K = lt2

17 MS(K_,II = MSDBL(Ktl)
MS(3,1) = MS(I,2)*MS(2,3) - MS(2,2)*MS(1,3)

_S(3,2) = MS(I_3)*MS(2,1) - MS(2,3)*NS(1,1)

MS(3,,3) = MS(1,1)oMS(2t2) - MS(2_I)*MS([,2)

NXIN(3}=O

15 ANGLE = ANGLE + DELANG

IF IANGLE.GE.4. ) ANGLE=ANGLE-TWOP I
IF | ANGLE.LE.-4. )ANGLE=ANGLE+TWOP I

WC(1) = WBAR*SIN( ANGL .F:)

WC{2) = WBAR*COS{ANGLE)

WC(_) = ETADOT
EP{I) = MS(I,2)*ZEXI + MS|2,2)*ZFYI + MS(3,2)*/E/I

EP(2) =-MS(I,II*ZEXI - MS{2,I)*ZEYI - MS(_,I)_/F/I

EPZDOT = W(3) - WC(3)
EP(3) = H*(EPZDOT + PREV)*XNSLOW/2. +EP(_)

PREV = EPZDOT
GO TO tO0

C

C EXPERIMENT FOUR

C
104

C

EP(1) = PH

EP(2) =W(3)

EP(3) = RH

WC(1) = WBAR

WC(2) = O.

WC(3) = O.

GO TO lO0
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C MODE 5
C

105 T)O 50 I = 1,3
5O WC(I) = O.

I F(MODE-MDLAST) 51 t 52t 51
51 DO 53 I = It3

ECOM(I) = ED(1)
53 EP(I) = O.

GO TO [00
52 DO 55 I = 1,3
55 OELE(I| =-ECOM(II + ED(I)

EP(I) = MS(3tl)*DELE(3) + DELE(I)
EP(2) = MSI3_21*DELEI3} ÷ COSEDI1)*DELF(2)
EP(3) = MS(3t3|*DELE(3) - SINED(I)*DELE(2)
GO TO 100

C
C MODE 6

C

106 I F (MODE-MDLAST) fi6t 57_ 56
56 DO 149 I = 1,3

169 DELTAEII) = EC(I) - EDII)
MAX = ABSIDELTAE(t))
DO 150 I = 2,,3
IF(MAX- ABS(DELTAE(1)).LT,O.)MAX = ABS(DELTAE(I))

I50 CDNT INUE

TP = MAXIMAXRT

TENDM = TM

IF|TM.LT.TP)TENDM = TP
TP=O.
TENDM= (FLOAT ( I FIX ( TENDM/DEL T ) )+1. ) *OEL T
DO 58 I = 1,3
EDCOM (I) =DELTAE( I )/TENDM

58 ECOMDP(I) = EDII)

TENDM=TENDM-. 5*DELT

GO TO 67
57 TP=TP+DELT

IF(TP -TENDM) 67_ 59_59
67 DO 60 I = It3
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ECOMDP{I) = ECOMnP(1) + DELT*EDCOM{I)

60 ECOM(I) -- ECOMDP(1)

GO TO 61

50 DO 62 I = 1,3

FDCOMiI) = O.

62 ECDM{ I) = EC(1)

61 WC{I) = EDCOM(I) ÷ EOCOM(_)*MS(3,I)

WC(2) = EDCOM(3)*MS(3t2) + EDCD_(2)*CDSED(I)

WC(_) = EDCOM(3}*MS(3,3) - EDCOM(2)*SINED(])

GO TO 52

C

C MODE 7

C

I07 I F (MODE-MDLAST) 6_164_ 63

63 DO 65 I = 1,3

65 FCOMOP{I) = ED{ I)

66 DO 66 I = 113
66 EDCOM ( I ) = EDOTC { I )

GO TO 67

C

C BODY RATE SEt.ECTION AND BASELINE CONTROL LAW

C

I00 MDLAST=MODE

IFINPASS.LT.NSLOW)GO TO 171

XFB=O.

IF {RATEFB,EO. I } XFB=I.

DO 76 I = 1,3
EPP{I) = EP{I) - ZO(NGAIN)*FPPREV{I)*{]..-XFP_)

7[ FPPREV(I) = FPII)

KLCL(I) = -GAIN( ItNGAIN)*EPP(I)-GAINP( I,NGAIN)*{W(I)-WC(1) )*XFB

74 KLCL|I÷3)=GAIN(I+3,NGAIN)*EPP{I}+GAINP(I+3, NGAIN)*(W(1)-wC ( I))*XFB

IFILAW.GE.2}GO TO 73

ADOTC(1) = KLCL(]) * SALPHA(I) + KLCL(3) * CALPHA(I)

ADOTC(2) = KLCL(?) * SALPHA{2) * KLCL(I) * CALPHA(2)

ADOTC(3) = KLCL(_) * SALPHA(3) + KLCL(2) * CALPHA(3)

BDOTC{I) = KLCL{5) * CBETA(I)

BDOTC{2) = KLCL(6) * CBETA{?)

BDOTC(3) = KtCL(4) * CBETA(_)
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C

C

C

GO TO lOB

PRELIMINARIES TO CONTROL LAWS 2 AND

73

75

79

174

DO 75 I = 1,3

UNITVA|I,I) = SALPHA(1)

UNITVB(I,I) = CALPHA(1)-SBETA{I)

UNITVAfl,2) = O.

UNITVA(I,3) = CALPHA(1)

UNITVA(2,1) = CALPHA(2)

UNITVA(2,3) = O.

UNITVA(3,I) = O.

UNITVA(3,2) = CALPHA|3)

UNITVB|I,2) =-CRETA(1)

UNITVB{1,3) = -SALPHA(I)-SBETA|I)

UNITVB(2,1) =-SALPHA(2)-SBETA(2)

UNITVB(2,3) =-CBETA(2)

UNITVB(3,1) = -CBETA(3)
UNITVBt3,2) =-SALPHA(3)*SBETA(3)

MBMAX=I

DO 79 I = 1,3
MAGA(I| = HCL(I)*CBETA(1)

MAGB(1) = HCL(1)

TROC( I)=HNOM*KLCL (I)

IF{ ABS|BETA|I)).GT. ABS(BETA|MB_AX)))MBMAX=I

TROCP(1) - TRQC(!)
IF( ABS{BETA(MBMAX)).GE.BSELFD)GO TO 174

MBMAX=O

GO TO 173
BDOTC (MBMAX| =0.
IFiNOOCOM.EO.OIGO TO 163
MCB(I)=HCL(I)eIW(2)I'SALPHA(1)*CEETA(I)+W(3)*SBETA(I))÷HCL(2)*(W(3)

I -CALPHA(2)wCBETA(?)-W(2)*SBFTA(2))-HCLI3)*CBETA(3)*(W(?)*CALPHA

2 (3)+W(3)*SALPHA(3))

MCB(2 )=HCL (2)* |W( 3)*SALPHA (2)*CBFTA(2) +W ([)*SRETA(P) )+HCL (3)*| W(I)

]. oCALPHA(3I*CBETA(3)-W[3)*SBETA{3))-HCL{I]*CBFTA(I]_|W{'_)*CALPHA

2 {I)+W{I}*SALPHA| I) )
MCB(3}=HCL|3)*|W(I|*SALPHA{3)wCBETA{3)+W(2)*SBETA|3))+HCL(I)*(W(2)
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1 oCALPHA(])mCBETA(1)-W|])*SB_F.TAf]))--HCLI?)*C_ETA|_)*(W(])*CALPHA

2 (2)÷W(2)eSALPHA(2))

I = I,_

(I) =TRQCP( I )-MCB ( [ )

AW 2 (ALGERRAIC )

N.NE.2)GO TO 109

0 I = 1,3
I) = O.

) =0.

I,I) = CBETA(II*CALPHA(I)

1,2) = SBFTA(1)
1,3) =-CBFTA( 1)*SALPHA (1)

2,1) =-CBETA(2) *SALPHA (2)
2t3) = SBETA(2)

3,1) = SBETA(3)

__,2) =-CBFTA(3)-SALPHA { _)

I = I,3

I; = O.

J = It3

DO _5

85 TROCP

C

C CONTROL L

C

163 IF(LA

DO II

DELB(

DELA( I

II0 UNITVH(

UNITVH(

UN I TVH [

UN I TVH [

UNITVH(

UNI TVH(
UN ITVH{

D[') Ill

TROPRO(

Dr) 112

112 TROPRD(1) = TRQPRD(1)

C*ADDTC| J )*MAGA |J)

111 TROCPP(1) = TROCP{I)

+ UNI TVB ( J, I ) *BDI]TC (J) *MAGB (J )

- KSAVE*TROPRD (I)

1 76

175

113

TF(MBMAX.EQ.O)GO TO 175

DELB(MBMAX}= SIGN(BDOTDS_-BETA(MRMAX))

DUMMY=DELB(MBMAX)*MAGB (MBMAX)

DO [76 J=1,3

TRQCPPIJ)=TROCPP(J}-DUaMY*UNITVB[MBMAX,J )

DO 113 J = l,_

ADOTC{J) = KSAVE*AI')OTC(J)

Bt)OTCfJ) = KSAVE*BDOTC(J)

DOTI(J] = 0.

DO I13 I : I,_

DOTI(J) = OOTI(J) + TRQCPP(I)*UNITVH(J,I }

MI = 1

IF (MBMAX.EO. I )M1=2

DO It4 J = 2,_.

+ UNITVA(J,I)
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114.

117

IFIABSIDOTIIJ)).LT. ABS(DOTI(MI)).ANO.J.NF.MBMAX)N'I =J

DO 11.5 J = 1_3

DOT2(J) = O.

DOT3[ J) = O.

DO ]16 I = lt3

DOT2(J) = DOT2[J) ÷ UNITVH|MItI)mUNITVA[JtI)

116 DOT3{J) = DOT3(J) ÷ UNITVH[Mltl)mUNITVR(J,I)

DOT2(J) = MAGA(J]*DOT2(J)

115 DOT3[J) = MACR(J)*DOT3(J)

DOT2(MI) = O.

DOT3(M!) = O.

M2A = l

M2B = I

IF (MBMAX,,EO. l)M2R=2

DO 117 J = 2_3
IF(ABS(DOT2(J)).GT. ABS(DOT2[M2A)])M?A = J

IF (ABS( D[']T3[ J) ) .C,T.AB S( DOT3(M2R ) ) .AND. J. NE, N'RMAX )M_=,.I

]F[ABS(DOT2(M2A)}-ABS[DOT3(M2B)) )IIR, llR,I1q

11g DELA(M2A) = D(']TI[MI)/DI')T2[M2A)

OUMI = O.

DUM2 = O.

DO 120 J = 1,3

DEEB[MI) = DELB|MI) + TRQCPP[J]_UNITVR[MI,J)

DUMI = DUMI ÷ UNITVA[M2A,J]_UNITVB[MI,J)

OELA[MI) = DELA{_.I) + TRQCPP(J)*I!NITVA[_I,J)

120 DUM2 = DUM2 + UNITVA[M2AyJ)mUNITVA[MI,J)

DELBIMI)= (DELB[N_I)-DELA(M2A)*DUMI*M/WSA(M2A))IMAGB(MI)

DELA{MI)= |I_ELAfMI)-DELA(M2AIwDUM2*MAGA(M2A) )IMAGA{_I)

GO TO 121

118 DELB(M2B) = DOTI{MI)IDOT3(M?B)

DUMI = O.

DUM2 = O.

DO 122 J = 1,3

DELB(MI] = DELBIMI) + TRQCPP(J)*UNITVB(MIvJ)

DUMI = DUMI + UNITVB(M2BtJ)nUNITVB(ML, J)

DELA(MI) = DELA(MI) + TRQCPP(J)mUNII'VA(MI,J)

122 DU._2 = DUM2 + UNITVB[M2B,J)mUNITVA(MItJ)

DELB(MI) =(DF_LB{MI]-DELB(M2B)*DUMI*MA,_B(I_2B))IMAC, B[ml)
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DELA(MI) =(DELA(M1)-DELB(M2B)*DUM2*MAG!_(M2B) ]/M&GA(MI)

t2t DO t23 J = it3

ADOTC(J) = ADOTC|J) * .D_ELA(J)

123 BDnTC(J) = BDOTC(J) + DELR|J)

GO TO 108

C

C CONTROl. LAW 3 (ITERATIVE)

C

10g TREMSO = O,

TDESSO=O.

DO 125 J=l,3

ADOTC!J) = O.

BDOTC(J) = O.
TREM[J) = TROCP(J)

MAGASQ(J) = MAGA(J)**2

MAGBSQ(J) = MAGBI J )*'2

DO 125 l = It3
UNITVA(JtI) = MAGA(J)*UNITVA(JtI)

125 UNITVB[J_I) = MA_B[J)eUNITVB(J,I)

IF(MBMAX.EO.O)G{I TO 177

BDOTC(MBMAX)= SIGN(BDOTDSt-BETA(MBMAX) ]

DO 178 J=l,3
I7R TREM[ J)=TREM (J)- ROF)TC (MBMAX) *UN ITV_( M _MAX t J)

177 DO 124 J=1,3
TRFMSQ = TRFMSO + TREMIJ)_2

TDESSO=TDESSO+ ( TPOC (J)*e2)

124 CGYRF)(J) = C(]ST(ADF)TC(J),BDnTC{J),J)

DO 126 K = I_TTER

DO 127 J = |,3

TDnTA(J) = O.

TDOTB(J) = O.

DO 127 I = 1,3

TDOTA(J) = TDOTA(J) + TREM(I}*UNITVA(J,I)

127 TDOTB(J) = TDOTB(J) ÷ TREM(1)*UNITVB(J,I)

MINA = I

MINB = 1

IF ( MBMAX.EQ. l )MINR=2

DO 128 J = 1,3
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IF | TDOTA ( J ) ) I29) 130) 129
129 RTEST = TREMSQ/TDOTA(J)

COSTA(J)=COST{ADI'ITC(J)÷RTESTtBDOTC(J}) J)- CGYRO(J)
IF(COSTA(J).LT.COSTA(MINA)}MINA = J

GO TO 131
130 COSTAIJ) = I.E10
131 IF(TDOTB(JI)Z32tI33,132
132 RTEST = TREMSOITDOTB(J)

COSTB(J) = COST|ADDTC(J),BDOTC(J)+RTEST, J)- CGYRn(J)
IF (COSTB(J).LT.COSTB( MINB}.AND. J.NE.MBMAX)MINB=J

GO TO 128

133 COSTB(J) = I.EIO

128 CONTINUE

IF !COSTA( MINA)-COSTB {MINB) )134, l'_4t135
134 RUSF = TDOTA(MINA)/MAGASQ(MINA)

DO 136 J = 1,3

136 TREM{J) = TREM(J) - RUSE*UNITVA(N'INAtJ)
ADOTC(MINA) = ADOTC(MINA} ÷ RUSE

CGYRO(MINA) = COST(ADOTC(MINA),BDOTC!MINA),MINA}
GO TO 137

135 RUSE = TDOTB(MINP.,)/MAGBSO(MINB)

DO 138 J = 1,3

138 TREM(J) = TRFM(J) - RUSE*UNITVB(MINByJ)

BDOTC(MINB) = BDOTC(MINB) ÷ RUSE

CGYRO(MINB) = COST(ADOTC(MINP.},BI')DTC(_INI_),MINR)

137 TREMSO = O.

r)O 139 J = 1,3
130 TREMSQ = TREMSQ + TREMIJ]**2

IF[TREMSQ.LT.(XKENDmTDESSC))]GO TO
!26 CONTINUE

NOITER = ITFR

GO TO 108

154 NOITER = J
C
C OESATURATION
C

108 DO 160 J=It3

IF( ARS(BDOTC(J}).GT.BDOTMX)PDOTC(J)=

154

SIGN(BDF)TMX,BDF!TC(J) )
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160

171

711

7_I

731

741

701
C

C

C

IF(

NPASS=NPASS+I

I F ( NP ASS .GT. NSLOW ) NPASS=I

GIML I M( 1 )=LI MIG(3)

GI MLIM( 2)=LIMIG( 1 )

GIML I M(_ )=L IMIG(9)

DO 701 J = I,_

IF(JET(J).EO.O)GO TO 7II

TJCNT (J )=TJCNT(J )÷I

IF(TJCNTIJ).LT.JFTCT (J))GO TO 701

JET(J) = 0

IF(ARS(FP(J) ).GT.ERRLIM(J))GO Ttl 721
IF(GIMLIM(J).EO.O)GO TO 701

DUMMY = SIGN(I.,FP(J)) ÷ SIGN(I.,W(J)-WC(J))

TJCNTtJ) = 0

IF (f)UMMY) 731,701,761
JET(J) = l

GO TO 701

JET(,!I= -1

CONT INUE

ABS(ADOTC(J)).GT.ADOTMX)ADOTC(J)= SIGN(APOTMX,ADOTCIJ) )

FQUATE THE OUTPUT VECTORS

145

O0 145 I : 1,19

XOUT(1) = BDOTC(I)

RETURN

END
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Subroutine RKII

Entry points. -- RKII, RKRS, RKIC.

Called by. -- MAIN, INITIL.

Calls. --EXPER, FINDBP, EVDERP, DERIV, ENERGY, FINDMG.

Function. -- Fourth order Runge-Kutta integrator.

Comments. -- Calls to EXPER, FINDBP, EVDERP are to recompute coulomb

friction when step size changes. A callto ENERGY performs computations at the end

of each complete integration interval H. A call to FINDMG recomputes gimbal servo

inputs ifthere has been a change in the gimbal limit situation.

3-81



$IBFTC

13

1
3

104

103

5

$4 LIST

SUBROUTINE RKII

COMMON/RKYV/ SV(79]

COMMON/RKYVDB/TSTOP• DBLT•DSV( 79 )

DOUBLE PRECISION DSV

COMMON/RKYDV/SVDER (79 )

COMMON/RKC/U(Tq) •UMIN(Tq) _HMINt HUSE,H, Nr)nUBL,NINT,TtTRETRN t

I NOINT(79)

DOUBLE PRECISION ERRORITq)_SVINC(79)_

IF (TRETRN.LE.O°)RETURN

T S TOP =DB L T÷TRE TRN

NEND=O

ODD=TSTOP-DBLT

IF(ODD.GT.HUSE)GO TO I

H=ODD

NEND= I

GO TO 3

H=HUS E

HALFH=.5*H

IF(H. EQ.HPREV)GD TO I03

HPREV=H

IF(NINT.GT.47)CALL EXPER
CALL F INF)BP

CALL EVDERP

DO 1.04 J=ltNINT
ERROR (J) =HALFH*SVDER (J)

SVINC (J)=ERROR (J ]

COMPUTE K2

T= !')BL T+HAL FH

DO 4 J=I_NINT

SV(J)=OSV(J)+ERRnR(J)

,WHERE

CALL DERIV

DO 5 J=I,NINT

XK(J)=H*SVDER(J)

SVINCIJ]=SVINC(J)÷XK(J)

COMPUTE K3

SV(J)=DSVIJ)+.5*XK(J)

ERROR (J)=K I ( J )/2

XK (7q) ,TSTOP, DBLT
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CII@!

6

CgOel

7

8

9

IO

XX

CALL DER IV

DO 6 J=ItNINT
XK (J) =H*SVDER( J )

SVINC lJ)=SVINC (J)+XK(J)

ERROR (J )=ERROR (J)-XK(J)

COMPUTE. K4

SV(J) =DSV(J)+XK(J)

T=DBL T+H
CALL DERIV

DO 7 J=I,NINT

XKI J} =HALFH*SVDER (J)

SVINC (J)= (SVINC (J)+XK (J) )/3.
ERROR (J)=ERROR(J)-.2. eXK(J )

COMPUTF. K5 = KXNF.XT

SV(.I) =DSV( J )+SVINC(J)

CALL DF.RIV
MININD=O

DO B J=I,NINT
XK (J) =HALFHeSVI:)ER (J)

F.RROR (J) = (F.RROR (J )+3.eXK (J) )*2.

IF(U(J).LE.O.)GO TO 8

IF(ABS(SNGL(F.RRDR(J))).GE,U(J))GO TO 100

TFIMININD.GT.O)GO TO 8

MININD=-I

IF( ABS(SNGL (F.RROR (J)) ).GF..UMIN( J ))MINI ND=!

CONT INUE

iFIH. LT.HUSF.IGO TO g
IFIMININD.GF..O)Gf! TD 9

NCOUNT=NCITIUNT+ 1

IFINCOUNT.LT.NDOUBL)GO TO g

HUS E=2.*HUSF.

NC OUN T=O

DBLT=DBLT+H

IF(H. EQ.HUSF.)GO TO 1X

ODD=HUSEIH

DO IO J=I_NINT
XK IJ) =ODD*XK (J)

DO [2 J=ItNINT
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12

17

15

16

C****

I00

I01

C****

lOP

?00

POI

DSV(J )=DSV(J }+SVINC (J)

SVINC (J)=XK (J|

FRROR (J) =XK (J)

CALL ENERGY(INDRS)

LIMl=48
LIM2=51

HALFH=.5*HUSE

DO 15 J=LIHI,LIM2

ERROR ( J )=HALFH*SVDER (J ]

SVINC (J)=ERROR (J)

IF(INDRS.EQ.O)GO TO 16

CALL FINDMG

INDRS=O

LIMl=25

t IM2=30

GO TO 17

I F ( NENO°EQ. 1 }RETURN

GO TO I__

H TOO RIG

NCOUNT=O

NEND=O

HUSE= .5*HUSE

IF(HUSE.LT.HMIN)GO TO 200

H=HUS E

HPREV=H

HALFH=.5*H

T=DBLT

DO lot J=I,NINT

SV(J) =DSV {J )

COMPUTE KI

CALL DER IV

DO 102 J=I,NINT

ERROR (J )=HALFH*SVDER (J)

SVINC (J)=ERROR(J)

_0 TO 13

WRITE (6,201)

FORMAT(5OHOI NTEGRATION

CALL EXIT

INCRFMFNT TOO SMALL ,Rt!N TFRMI NATFr).
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_01

30O

401

FNTRY RKRS

H=HUSE

HPREV=H

HALFH=.5*H

CALL DER IV

DID 300 J=I,NINT

ERRI]R (J) =HALFH*SVDER( J )

SVINC {J)=ERROR (J)

RETURN

ENTRY RKIC

NCOUNT=O

DO 40t J=ltNINT

DSV(J)=SV(J)
DBLT=T

GO TO 301

END
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Called by.

Function.

tire input buffer.

Comments.

report.

Subroutine INPUT

-- INITIL

-- Reads input buffer changes as specified on data cards. Prints en-

-- Input data items are listed in the User's Guide section of this
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SIBFTC $5 LIST
SUBROUTINE INPUT

C

C
C

COMMON/BUFF INIOMGABO[ 3) •BETADO(3 ), ALPH DO [3) •BETAO (3 )_ALPHAO {3 ]

I PHIOtTHETAO•PSIO•TLDBO(3),TLDAOI3],EMBOI3),EMAOI3],F.FBOI3 ],

2 EFAO(3)•HEXTO(3I•ENRGBO(3)•ENRGAOI3}•HORIZOI2)tNDISEO(4)•STVIO(4)
3 •STVZO(4),STV30(4)tSTV3PO(4| tSTVSO(4t,SQTIO(4) ,QTBO(4|,U(Tg),

4 EMAX•EMINtDTMIN,DTESTtAAtBAtCA_ABtBB•CB,AGtBGtJMBETAtJMALPH_
5 AGOMGOI3t,AGOMGD[3)•AGOMGM,HNOM•K2(2) _TAUD(2),K[2],KSF{2),TAIJN[2)

6 ,TAUIZ) •ELIM(2) _KT(2)•KB(2) •TAUM(2),TF{ 2)•L I_IT (2) ,GRATIO(2) _

7 ESTAR(2 ]tASTAR (2 ],TAUWNGtTAUI tTAU2N• TAU2Dt T_U3N, TAIl?r),TAU._NP,

B TAU3DPtTAUS,STKTvSTG2• STG3• STALt STKM_ STKV, STTF, STKR•ST.r,5, JINRTE

9 JINRTA•ETAPtETAR•TAUHRZ•GHRZ•DELW(_)tIXX•IYYtI/7__IXYtIYZ, IXZ

COMMONIBUFFIN/JETTQE !3) •MDNOMI3) ,MDX| 6 }•MDY! 6) ,MDZ (6) •PHASFX| 6),

! PHASEY(6),PHASEZ(6)•FREO{6)_QMASS_PMO(3]tVMO(3)•AMO(3),R(7),

20MGAMM(3),POS(3|•VEL[3t_STBIAS(4),PSD•TCYCLE,TEVENT(15),TPRINT_
3 TRUN•FLOWRT(3]

COMMON/BUFFIN/NOINT(70)•NDOUBL,NBIT•NBIN(25) ,NBOUT(16),_IFXPNT
I •NSLOW

COMMON/BUFFIN/PTARGT(3]•AZCO,CAPMI(_),CAPM2(3),CAPM3(3)vETADDT,

I WOAVE,WBMAX_ZO(S)_KEI(S],KE2(S]tKE3(S)tKE4[5]_KFS(S),KE6{5),

2 KRI (5) 9KR2 (5),KR3(5) •KR4| 5) •KR5 (5 ]•KR6{ 5) •KSAVE •XKREU_F,_R L| _(3) ,

3 DTJET|3),MAXRTC|2},BHOLDtBSELFD,BDOTDS

COMMON/RUFF IN/MODE• NF BSEL, NUPDAT, NGAI N tLA W, NMOU_tT • IT EP, _'ODC ('IM

1 • NXTRAP
REAL NOISEO_JMBETA_JMALPH,K2,K•KSF_KT•K_LI_IT•JINRI"F.•JINRTA_ IXX,

I IYYt IZZ tIXY_ IYZ_ IXZ •JETTQE•MDN(_M,MDX, MDY_NDZ _KEi _K_2_KE_,, KE_ KE_ _

2 KE6, KRI,KR2•KR3•KR4,KRS,KR6,KSAVE,MAXRTC

NAMEL ISTIDATAINBI T• NB IN tNBOUT _NFXPNT, P

I CAPM]t ETADOTtWC)AVE•WBMAX•NMOUNT•NUPDA

2 KES• KE6, KRI, KR2•KR3_KR4,KRS, KR6• NFBSE

X LAW,MODCOM•BHOLD•BSELFD_ BDOTDS _ERRLIM

3 TCYCLE•NSLOW•TEVENT,NXTRAP, TRUN,TPRI

4 BETAO_ALPHAO• PHIO• THETAO _PSIO,TLDBO, T

S HEXTO•ENRGBO,ENRGAO_HORIZOtNOISEO,STV

6 SOTIOtQTBO•POStVEL_AA•BA•CA•AB•BB•CB,

TARGT,AT_CO,CAPM!, CAPM2,

T,MODE _/_0,KEI ,KE2,KE 3,KE4,

L_NGAIN,KSAVE,XKRE_, ITER,

,DTJET,
NT, OMGABO, BETADO_ At PHDO,

LDAO•EMBO, FMAO, EFRO, EFAO_

10 •STV20,STV30, STV3PO, STVSO•

AC, BG• JMBETA _J_ALPH• ACOMGO,
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C
C

C

C

7 AGOMGD,AGQMGM,HNOM,IXX,IYY,I/-Z,IXY,IYZ_IXT,JFTTOE,FLnWRT,
X KSF,K,K2,KT,KB,

8 T_Ut TAUM_TAtlN,TAUDt ELIM, TF,GRATIO, LIM IT, MAXRTC, FSTAR, ASTAR,TA_IWNG

9 tTAUI_TAU2NITAU2DtTAU_N_TAtI3DtTAU3NPtTAU3DP,TAU5tSTG2,ST,r, 3,STr,5_

I STKT,STKM_STKVtSTKR,STAL,STTF,JINRTF.,JINRTA,PSD,STBIAS,:TAP, ETAR,

2 GHRZ,TAUHRZ_DEEW,MDNO._tMDXtMDYt_DZ_PHASEX,PHASF_.Y_PH_SE/_FRF.O,

3 QMASStPMO_VMOtAMOtR_OMGAMM,DTF. ST,DTMIN, II,EMAX,FMIN,NnOIJ_I _NOINT

READ(S,DATA)

WRITE(6_DATA)

RETURN

FND
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Subroutine OUTPUT

Called by. -- MAIN.

Function. -- Prepares and prints output data, computes momentum check num-

bers, and computes theoretical vehicle torques.

Comments. -- Tbe output buffer XLNE is used for temporary storage of inter-
mediate results while computing momentum check and vehicle torques. A detailed

list of output variables is contained in the UserWs Guide section.
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$IBFTC $6 LIST

SUBROUTINE OUTPUT

COMMONIRKYV/OMEGAB(3),BETAD(_)•ALPHAD( _),BETA(3),ALPHA(3),PHI,

[ THETA•PSI,TLDADB(3)tTLOADA(3)_F.MB(3),EMA(3),EFB(3},EFA(3) _HEXT(3)

2 tENRGYB(3),ENRGYA(3)•HORIZ(?)•NnISE(4)•STVI(4),STV2(4)•STV3(4)•
3 STV3P(4),STV5 (41 •SQT I(4), QTB (4)

REAL NOISE =

EQUIVALENCE (OMEGAX,OMEGAB (t) ), (OMEGAY, OMEGAB (2) ), (_IMEGAZ, OMEGA_
l (3))

COMMON/RKYDV/OMGABD (3), BETADD( 3), ALPHDD(3) ,DRBETA (3), ORAL PH (3) v

I PHID•THETAD,PSIT}•TLDDB(3) _TLDDA(3),EMBDOT(3)tEMADnT(3),FFBF)OT(3)y

2 EFADOT(3),HEXTD(3),ENRGBD(3),ENRGAD(3),HORIZD(2),N{')ISED(4),

3 STVID(4),STV2D(4)tSTV3D(4),STV3PD(4),STVSD(4),SC)TID(4),OTBD(4)

COMMONIRKCIU (7q ), UM IN (79 )tDTM IN, DTEST, DEL TAT tNDnUBL, N INT, T, TRF TRN,

I NOINT(70)

COMMON/S INCOISIN_(3) _SINA(3) ,SINPHI ,ST NTHE tS INPSI ,Ct')sr_(3) ,COSA (3) ,

! CflSPHI,COSTHE,COSPSI,SINBSQ(3),SINASQ(3),COSBSQ(3),CF)SASQ(3),

2 DIRCO(3_3)

COMMONIRATESIOME_A(3,3) ,FIMEGAP(3,3) ,OMGASO(3) ,CIMGAXP(_)

COMMON/CGYRO/AAt_.A•CAtAB•BB,CBtAG,BG•JMBETA, JMALPHtAB A_,_P, BG•
| CB BG•AA BA•AA CAeBA CAtBB CB•F)IF[tDIF2•GRA,IMAtSUMItSUM?tSUM3,

2 SUM4•SUMStSUM6,SUMTtSUMBtSUM�,SUMIO•AGOMGO('_),AGOMGD(_),&GOMGM,
3 HNOM

REAL JMBETAt JMALPH

COMUON/CBODYIIXX_IYYtI;[ZtTXY,IYZ,IXZ, IXXO•IYYO_IZZOtIXYO, IYZO,

! IXZO _IXXD, IYYD• TZZD• IXYD, IYZD_ IXZD• ITERM(-_)

REAL IXXtIYY•IZZ•IXY_IYZ•TXZ•IXXOtIYYO,17ZO_IXYO, IYZO_IX/O
] IYYDtIZZD, IXYDtTYZD•IXZD, ITERM,INERT(6)tINERTO(6),INERTD(

EQUIVALENCE( IXX, INERT (!)), (TXXO, TNERTO (1 )), (IXXD, INFRTD (I)

COMMON/CSERVO/BINPUT (3) ,AINPUT (__)tK2BE TA •K2ALPH, TAUDBE_ TAU

I KBETAyKALPHtKSFBEtKSFAL•TAUNBEtTAUNAL•TAURE,TAUAL•ELIMBE

2 KTBE•KTALtKBBETAtKBALPH,TAUMBE•TAUMAL•TFBETA, TFALPH•BLIMI

3 tGRBETAtGRALPH

REAL K2BETA,K2ALPH,KBETA,KALPH,KSFBE,KSFAt_KTBE,KTAL,KBBET
COMMON/TORQUE/M JET(3) •MTOT (3) _MB(3) _MA (3) _MAGJET (3), FII_L(3

! FL(IWRT( 3),FUELT

REAL MJET• MTt3T •MB,MA, MAGJET

COMMON/PVDATA/POS (3) •VEL (3), POSO(3) •VELO (_) ,ECCENT• FNOW,MEANA•

, IXXF_,
6}

)

DAL,

FLTMAL,
T,ALIMIT

A,KRALPH

),
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! MEANAOtFVECTI3]vCETAOtSETAOtPVCFIN(6)•

REAL MEANA,MEANAO

COMMON/CONSTS/RTnDEGtDEGTOR ,RE, MU, PIE,

COMMI')N/IOCONT/ZRFAL (15) ,NUMBER (!5) ,NOR

[ NFVENT,EVENTT( 15)gTCYCLE,NCOSTI,NMAN[

COMMON/FLOTIN/ZLATE (15), EULRDC (3) ,EULR

I FBSEL, UPDATE, N_,A IN,LAW ,MODCOM,

INTEGER FBSEL, UPDATE

COMMONIFLODUTIBETADC (3), ALPHI_C (

I OMGABC{ 3),JET |3)

COMMONISENSOR/ESTAR (2) ,ASTAR (2 ]

I TAU3D,TAU3NP,TAU3DP,TAUS,STKT,

2 JINRT(4) ,ETA(2 ), TAUHR/,GHOR I Z,

3 SXI(2),SYI (2) ,S/I (2],SX(2) ,SY(

4 ,WNG{4),HRZACT (2)

LIMIG(3

3] •TELA

tTAUWNG

STG2,ST

DFLW(3]

2) ,SZ(2

PTARGT(_]

WO|IO) ,VEO,FIXWO[ IO) ,WEARTH

DER( 15 ), TFVENT [15 ], TMATCH,

,NPR INT, NPRCTL,. TENF), LNFCNT

C{ _) ,TMAN, AG(3MCA("_) tMODE,

),L IMOr, (3)

ZC,F_tLFR(3)tFPSLON(3],

,TAUI,TaU2N,TA!_2D,TAII3N,

C3,STAL,STKM_STKV,STTF,STKR,

,STBIAS(4),STSIG,

),ELRORE(2),AZRORF[2),OST(4)

COMMON/D IST/MDIST| 3 ), MDNOM (3 } ,SPHASE( 3,6 ) ,C PHASE (3_6) , SFREQ (6),

I CFREQ(h),MDAMP(_,6),FREO(6],TQFMM{3)

REAL MDI ST, MF)NOM, MDAMP

COMMON/FLOTSC/FLNM7, FLNM6, FLNM5 _FLNM4_ FLNM3,FLNMP_, FLNMI ,FL NP(_,

CFLNPI ,FLNP2, FLNP3,FLNP4,FLNPS, FLNP6,FLNPT,FLNP8, FLNPq,

C FLNMII•FLNMIO,FLNMB•FLNPI2,F2N_?S•F2N_I'_,F2NMIO,FL2N'_?,FLPNUI,

C FL?NPO, FL2NP!

COMMIIN/F IXIN/W{37)

COMMON/OUANT/NB IN[ 25) ,NBOUT (16) tNFXPNT

COMMON/UOD567/DFLF(3),ECDM(_),EI')COM(3},TEND_,EC(D_F)P(3),DEI_TAE{3) ,

- ,._X,,T tTDe,, ......ruAX,MA o _I_4Hw

COMMON/CONTL1/EPPREV(3),GAIN(O,5),GAINP(6,_),__PP(_) ,HNOMp,KLCI.(6),

C MAGA| 31 ,MAGB[ 3) ,MCA(3) ,MCB[3) ,TRQC. [3 }, TRQCP(_3) ,UNITVA(3,3) ,

CUNITVB(3,3) ,/Of5)

REAL KLCL, MAGA,MAGB, MCA, MCB

COMMON/CDNTL_/CGYRO(3) ,COSTA (3) tCF_STB("_) ,RTEST,RUSF,TnF_SC),

ETDOTA (3) , TDOTB (3) ,TREMSQ_XKEND, ITER,NO ITER

COMMON/NAV/F(IO),FDOT,FDUM( 10),FTOT,G(IO),GDOT•C, DUM(In),ST_IT,P(_),

CPO(3) ,PDOT('_) ,PDt3TO(3)

DIMENSION XLNEI(_),XLNE2(g),XLNE'_(q),XLNE4(q),XLNF_I_),XLNF_(q),

I XLNE7(Q),XLNES(q),XLNEg(g),XLNEIO(Q),XLNF[!(5),XLNE{qI}

EQUIVALENCE(XLNE|(lI,XLNF(1)),(Xt.NE2(I ),XLNF_(7)),{XLNF__(I) ,

I XLNE(I6)),(XLNE_(1],XLNE(25)),(XLNES(I),XLNE(_4]), (XLNF&(I),
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I000

2

4

8

2 XLNF. I43))tlXLNFTII)tXLNEI52))tlXLNEBIl]tXLNF(61) )•IXt_NEq(I)•

3 XLNE(70])t(XLNEEO(I)tXLNEI7q]) t(XLNEIl(1),XtNE(87])

DIMENSION NNW(3 ) •NEDCOM( 3 ) tNFCOM( 3 ) tNTROC (3) tNTROCP (3) _NKLCL(6) •

I NNP(3),NPDOT(3)

EQUIVALENCE (NNWII)tW(t))•INEDCO_fI),FDCOM(I)) t(NECOM(I ),FCOM(])),

! (NTROC( ] ),TROC(| ) } _ |NTRQCP(I) t TROCP(I ] ] , (NKt. CL (] ) •KLCL (1 ] ) ,

2 (NNP (l) • P(l) ), {NPDOT ( 1),PDOT( X ) )

IF(NPRCTL.GE.NPRINT)GO TO 1

NPRCTL=NPRCTL+t

RETURN

NPRCTL=I

FUELT=O.

LNECNT=LNEENT+|2

IF(LNECNT.LE.60)C_O TO 2

LNECNT=12

WRITE(6• tO00)

FORMAT(IH1)

DO 3 J=1_3
[F[NFXPNT.EO.O]C£t TO 8

×LNE4 (J+6) =FLOAT( NNN( J ) ]/FLNP5

XLNE5 ( J} =FLf')AT ( NFD£OM(.J ) ]/FLNP5

XLNES(J+3)=FLOAT(NECOM|J})/FLNM2

XLNEIO( J )=FLOAT (NNP [ J ) )/F2NN25

XLNEIO(J+3)=FLOAT{NPDOT(J) )/F2NI_15

IFILAW.EQ.I]GF) TO 4

XLNE7 (J) =FLF)AT (NTRQC (J) )/FLNM8

XLNET(J+]}=FLOAT(NTROCP(J) )IFLNMR

GO TO 9

XLNE7 (J) =HNCIM*FLftAT (NKLCL ( J)-NKLCL (J+3) )/FLNP2
GO Tn ,5

XLNE4 (J+&)=W(J)

XLNE5 (J)=EDCOM( J )

XLNE5 (J+3}=ECOM {J)

XLNEIO [ J )=P ( J )

XLNEIO( J+3)=PDOT(J|

IF(LAW.EO.I)GO Tn 6

XLNE7 (J)=TROt [ J)

XLNE7 (J+3)=TRQCP (J)
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6
5
9

3

7

11

12

13

20

GO TO q
XLNE7 (J)=HNON* (KLCL { J )-KLCL (J+3))
XLNE7 { J+3):XLNE7(J)
XLNE8 (J):M JET(J)
XLNE6 { J) =DRALPH{ J+3)
XLNE6 { J+3)=ALPHA { J+3 )
XLNE6 ( J+6 )=EULER(J)
XLNE5 (J+6)=EPSLON(J)
XLNE9 (J+6)=OMGARO(J )*RTODEG

XLNE3 {J+6)=O.

XLNE2 ( J)=O.
FUELT=FUELT+FUEL (J)
XLNE2 (J+6 )=OMGABC (J )-OMFGAB( J )

XLNE8 (J+3)=MDIST (J) ÷TQEMMi J }

IF(NFXPNT.NE.O)XLNES( 5)=XLNF5 (5)/2.

K=O

DO 10 J=193
INDEX=K+J÷6

IF(J-2)II,12,13
JY=2
JZ=3
GO TO 20

JY=_

JZ:I
GO TO 20
JY=I
JZ=2
XLNE7 {INDEX )=AGOMGA {J )* [[ALPHDC [J )+XLNET) (JY+6) )mS INA (J) *COSB(J )+

I (BETADC (J)*COSA(J)÷XLNE3(J7÷6) )*SINB( J ) )+AGF)MGA (JY)* ((_I_PHDC (JY) +

2 XLNE3(JZ÷6))*CDSA(JY)*COSB(JY)-(BETADC(JY)*SINA(JY)+XLNF_(JY+6))*

3 SINB(JY) )-AGOMGA(JZ)*COSB|JZ)*(BETADC (JT)+XLNE3IJY+h)*COSA{J7.)+
4 XLNE3(JZ÷6)*SINA(JZ) )

IF(K.NE.O)GO TO l.O
XLNE3 (J) = INERT (J) *OMEGAB (J)- INERT (J+3 ) *OMFGAB (JY)- INERT (,17+ _) *

l OMEGAB{ JZ )
XLNE_ (1)=SUM5eOMEGAP (JZ• J) +SUM3eP, ETAD (J)
XLNE4(2|= AB AG*OMEGA(J,J)+AGOMGA(J)
XLNE4 (3)=BB BG*OMEGA {JY, J)
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10

15

16

14

17

18

Ig

XLNE9 t1 ]=AA*OMEGAP | J, J )+XI-NE4( 2 ) *COSB ( J]-XLNE4(3)*STNR(J)

XLNE2 (J+3)=XLNE4(! )"5 INA[ J )+XLNE9 (I)*CISA |J )

XLNE3[J+3)=XLNE4(2}*SINB{J)+XENE4(3)tCOSR[J)+BA*OMECAP(JY,J)

I +JMALPH*[OMFGAB(JY]+GRALPH*ALPHAD(J}}

×LNF4 (J+3]=XLNF4| I ]eCOSA| J ]-XLNEQ ( I )*S INA (J )

C ONT INUE

IF(K.NE.O]GO TO 14

K=Q

XLNEg |4] =XLNE2 (4)+XINE3{ 6 )+XLNE4( 5 )+XL NE3 ( I ]

XLNEg (5) =XLNE2 [ 5] +XLNE3 (4) +XLNE4 (6) +XL NE3 ( 2 )

XLNE9 (6) =XLNE2 (6 }+XLNE3 (5) +XLNE4 (4 }+XL NF3 {'4)

DO 15 J=l,3

XLNE1 (J+l)=-HEXT (J }

XLNE3 ! J+6 )=OMFGAB ( J )

XLNE2 [ 1 ] =XLNF2 | 1)+XLNE7 ( J+3)*-2
XLNE2

XLNEI
DO 16

XLNE2

DO 16

XLNE1

XLNE1

GO TO

XLNEi

DO 17

XLNE1

XLNE2

XLNE3

XLNE4

XLN_Q
XLNE]

DO 18

XLNE[

DO 19

XLNFI

KLNE1

XLNEI

XLNE!

(2)=XLNE2[2]+XLNET{J+3)*XLNFT(J+S)

[5] =XLNE2[ 2]/XLNE2 (I)

J=t,_
(3) =XLNE2 ( 3)+[ XLNE7( J+6)-XI. NE l [5)*XLNE7 (J+3))*-2

KK=I, 3

f J+l )= XLNE 1 ( J+l ) +F) IRE 0 ( J )KK ) *XLNF g( KK+3 ]

(6)=SORT {XLNE2 (3)/XLNE2 ! 1) )
7

{i)=0.

J=l,6
(1) =XLNE1 [ 1] +ENRGYB(J ]

{J )=BE T_,DC [ J )

(J)=RETAD[J]

(J)=BETA(J}

[J)=POS(J)

O(J ] =XLNFIO ( J)-XLNEg (J)

J=1,45

J+6 ]=XLNE {J+6 }*RTODEG

J=l,2
O[ J+6)=HRZACT[ J }*RTODEF,

1 (J ]=OST(J ;*RTODEG

l{ J+2)= ( AZSORE [ J)-OTB { J+2) ) *RTODE G

1 (5) =TELAZC*RTODEC
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5I

52
53
54
55
56
57
58
59
60

6I

XLNEI
WRITE
WR I TE
MR ITE
WRITE
WRITE
WR I TE

(I)=l.356*XLNEI(1)
(6t5I|TtFUELTtXLNEI_NOITER
(6,52)XLNE2
(6t53|XLNE3
(6t54)XLNE4
(6t55)XLNE5
(6,56)XLNE6

WRITE (6,57)XLNE7
WRITE (6_ 58) XLNE8
WR ITE (6, 59) XLNE9
WRITE (6t60)XLNElO
WRITE (6t6[)XLNEI]

FORMAT(3HOT=F8.2t 3H,W=E| 1.4_ 3H_E=E11.4,7HtHTFST=E14.71,2F! 5 .7_
I 7HtTGAIN=2FS.5_6H, ITER=I2)
FORMAT(5H BDC 3EI._.5,SH tADC 3EI3.5,5H, WERR 3FI'_.5)

FORMAT(SH BD 3EI3.5,5H ,AD 3E13.5,5H ,W 3E13.5)
FORMAT|SH B 3E13.5_SH ,A 3EI3.5_SH ,WOB 3E13.S)
FORMAT{SH ATDC 3E|3.StSH ,ATC 3EI3.5,5HtEPDB 3E13.5)
FORMAT(5H ATD _EI3.St5H ,AT 3E13.St5H, ATnB 3E13.5]
FORMATI5H TC 3EI3.5_SH ,TCP 3E13.5, SH, TGIM 3Et3.5)
FORMAT(SH T JET 3EI3.515H tTEX 3E13.5,5H, TCTL 3E1_.5)
FORMATISH P 3EI3.5t5H tV 3E13.5_5H _WD 3EI3.5)
FORMAT(SH OBPE 3E13.5_SH_OBVE 3E13.StIIH_HRZ ERRtP=FI2.5_3H,R=

EI2.5)

FORMAT(24H STAR TRACKER ERR,DELEI=EI2.5,7H,DFLE?=EI2.5, TH,I_FLAI=
i El2.5,7H,DELA2=EI2.5,14H _TI_! A7 Ctr_l M I:: I _._ I

RETURN

END
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Function.

trol computer.
commands.

Subroutine MANUAL

Called by. -- MAIN, INITIL.

Calls. -- Optionally; FANDG, UPDAT3.

-- This subroutine generates all external communication with the con-

This routine is written to supply maneuver and manual mode

Comments. -- It is intended that this routine will be reprogrammed to suit the

needs of the users. The commentary in the listing describes the capabilities of this

routine.
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$IBFTC $7 LIST
SUBROUTINE MANUAL

C
C
C tl.4l. Do

C
C
C
C
C 1 • MODE

C

C

C
C

C

C

C
C

C 3. NGAIN (1-5)
C

C
C

C
C

C

C

C

C

C
C

C

C

C

C

C 7. LAW

C

C

C wl_4_

THIS SUBROUTINE SIMULATES ASTRONAUT ACTIONS. IT CAN _E PROGRAMMEn

TO SET THE INTEGERS LISTED.

SYMBOL (RANGF} (MEANING) COMMENTS

(1-7) (EXP1-EXP4,HOLD,MANEUVER,MANUAL) EXP? AND FXP3
CANNOT BE PERFORMED IN THE SAME RUN RECAUSE OF STAR

TRACKER MOUNTING DIFFERENCES.

2. MDLAST (0-7} (MODE DURING LAST PASS OF CONTROL COMPUTER)

CHANGING MODE AUTOMATICALLY SIMIILATFS AN INSERT COUMAND.

TO SIMULATE AN INSERT COMMAND WITHOUT CHANGING MODE ,SET

MDLAST TO 0 .

(SELECTS ONE nF THE FIVF SFTS OF CnNTRnI_ LAW

GAINS)

4. UPDATE (0-2) (IF SET TO l, WHILE IN FXP3 HOOF, ONBF)ARD
ATTITUDE INTEGRATION IS UPDATED FROM STAR TRACKERS. IF

SET TO 2t IN ANY MODEt UPDATE FROM ATTITUDE COMPUTATIONS.
IN BOTH CASES THE CONTROL COMPUTER nESFTS I!Pf)ATF- TO ZFRFI)

5. MODCOM (O-l} (IF SFT Tfl I, CONTROL LAWS ? AND _ USE TOROUE

COMMAND PRIMEr WHICH CONSIDERS BODY RATE COUPLING)

6. FBSEL (1-2) (IF SET TO I, CONTROL LAWS USE SFNSFF_ RATE

FEEDBACK, IF SET TO 2, THEY USE DERIVED RATE FEFDBACK)
IF FBSEL IS CHANGED IT WILL PROBABLY BE NFCFSSARY TO

CHANGE NGAIN.

(1-3) (SELECTS CONTROL LAW 1,2, OR 3.

THIS SUBROUTINE CAN ALSO BF PROGRAMMED TO SUPPLY THF FnLLOWIN.r.
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C

£

C

C

C
C

C

C

C
C

C

C

C

C

C

C

C
C

C

C

C

C

VARIABLES.

I. EULRDC(3) RAD./SEC. , lPHIDOTC,THFTADOT£vPSIDOTC) THFSE _r_E
THE STICK COMMANDS DURING MANUAL MODE [7).
MAXIMUM VALUE = 2-m(-5)

2. EULRCf3) RAD. , [PHICtTHETAC,PSIC) ATTITUDE COMMANDS DI_RIN_

MANEUVER MODE (6). MAXIMUM VALUE = PI,PI/2,Pl

3. TMAN SFCo _ [TIME TO COMPLFTE MANEUVER,MODE 6)

MAXIMUM VALUE = 2**8

THIS SUBROUTINE CAN CALL TNE FOLLOWING OTHER SUBROUTINES.

I. SUBROUTINE FANDG t SIMULATES TRNSMISSIDN nF NEW

COEFFICIENTS FOR THE F AND G SERIES (NAVIGATION).

. SUBROUTINE UPDAT3_ SIMULATFS TRANS_ISSION nF UP_ATF_ PHASE
ANGLE FOR EXPFRIMFNT 3 OMEGAXC AND OMEGAYC. (SINIISOIDAL

TO MAINTAIN THE Z AXIS ALONG, THE LqCAl VERTTCAI_).

CDMMQN!RKYV/,n.,MEGABI3),BETAD{3),ALPHAD{3),BETA(_),ALPI!A(_},PHI,

I THETAtPSItTLOADB[_),TI.OADA{3)_EMB{_)t EMA(3) _EFP(3},EFA(_) _HEXT(3)

2 tENRGYB(3),ENRGYA[3)tHORIZ{2),NOISE[4)_STVI(4),STV?{4),STV3(4),
STV3P[4) ,STVS{4) _SOTI (4) _QTB(4)

REAL NOISE

EQU IVALENCE(OMEGAX, nMEGAB (I) ), (OMEGAYt OMEGAB (2)) _ (DMFr, A Z,O_Er, AP,
I (3))

COMMON/RKYDV/OMGABD(3) ,BETADD (3) _ALPHDD( 3 ),DRBETA (3 },DRAI_PH( 3),

I PHID,THETAD,PSID,TLDDB (3) ,TLDDA (3),FMBDnT [_) _EM^DQT(_} ,EFBDOT (_) _

2 EFADnT{3),HEXTD{_)gFNRGBD(3),ENRGAD(3),HflRI/D[?),N_ISEn(4),

3 STVID(4),STV2D(4),STV3D(4) tSTV3PD(4}, STV5D{4)_SQTIn{4},OTP.D(_)
REAL NOISED

EQUIVALENCE(DMGAXD,flMGABD(I))_(0MGAYD_MGABD(2)), (n-,GA/D,_,_GAB_
I (_l}

COMMON/R_C/U(7g),UMIN(79) ,DTMIN, DTEST, nELTAT,NDOUBL,NINT, T, TRETRN,
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C

C

C

9qq

I NC)INT(79)

COMMC)NISINCC)ISINB(3),SINA(3),SINPHI,SINTHE,SINPSI,COSB(3))COSA(3),

I COSPHI,COSTHE)CC)SPSItSINBSQ(3)tSINASQ(3),CnSBSO(3)tCOSASO(3),
2 DIRCC)(3,3)

COMMON/TC)RQUE/MJFT(3))MTC)T(3))MB(3),MA(_)tMA_JFT(_),FUEL(_),

I FLOWRT (3)) FUFLT
REAL MJET) MTC)T) MP_)MA, MAGJET

CC)MMC)N/PVDATA/PDS (3)) VEL (3)) PC)SO (3) ,VE

! MEANAO)FVECT(3))CETAO,SFTAO,PVCnN(4),

REAL MEANA)MEANAO

COMMON/CC)NSTS/RTODEG) DEGTORtRE) MtI)PIE,
REAL MU

COMMON/IC)CONT/ZREAL (I5) )NUMBER (15), NOR

I NEVENT,EVENTT(I_), TCYCLEtNCt')ST1, NMANI

CC)MMON/FLOTIN/ZLATE (15) )EULRDC (3) ,EULR

] FBSEL)UPDATEtNGA IN, LAW) MODCOM ,L IM IG(3

INTEGER FBSEL)UPDATE

COMMON/FLC)OLIT/BETAF)C(3) ,ALPHDC (3 ), TEL_

I OMGABC(3)) JFT(3)
COMMC)N/SENSOR/ESTAR (2) ,ASTAR (2) ,TAUWNG

! TAU3D)TAU3NP)TAU3DPtTAUS)STKT)STG2tST
2 J INRT (4) ,ETA(2) )TAUHRZ)GHOR IZ, DELW(3)

SXI (2) ,SYI (2))S/I (2)) SX{2) )SY(2) ,SZ(2

4 )WNG (4))HRZACT(?)
REAL JINRT

,_=..LFS, ......COMMC)N/M ISCELIFS, n_) _)n I'r

LO(3))ECCENT, ENC)W,MEANA,

PTARGT(3)

WO(IO),VFO,FIXWO(IO),WFARTH

DFR (L.5),TEVENT (I'_), TMATCH,

,NPRINT,NPRCTL, TEND, LNFCNT

C( 3 ))TMAN,AGON|GA( 3), MODE,

),l IMOG (3)

ZC ,EULF_R ('_),EPSLON( 3 ),

)TAUI,TAU?N,TAIJ2P,TAU_N,

G_,STAL)STKM)_TKV,STTF,STKR,

,STRIAS(4),STSIG,

))ELBORFI2),_ZBORF(2),OST(4)

NH) MDLAS T, HALFF_

DIMFNSION PHIC(t)))THETAC(4),PSIC(4I,TSTART(4} ,TMANUV(4)
DATA PH IC) THETAC.) PSI C )TSTART) TMA NUV /0.,0.,. I,O. ,O. ,.I,.I,0.,

1 .1,.I).1)0.)-I.)0.)12.)IR.)4"0./

NAMEL ISTICOWANDIPHIC, THETAC, PSIC, TSTAR T,TMANUV

DO 999 J=l,3

IF(JET(J) .NE.O) FUEL (J)=FUEL (J)+FLOWRT(J)

IF(NMANI.EQ.O)GO TO IO00
MDLAST=O
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C

C

C

C

C

C

C t_o

C

C

CI_W_

C

C

1000

I001

1002

I003

THIS SECTION {THRU STATEMENT I000) IS EXECUTED nN FIRST PASS

THRU THIS ROUTINE (EACH RUN). USE THIS SECTION TO READ IN ANY

NEEDED DATA.

READ! 5, COMAND)

WRITE {6, COMAND }

NINSRT=!

END OF SINGLE PASS SECTION

THE NEXT SECTION SIMULATES OPERATOR ACTIONS

IF(MODE.LT.6}GO TO I00_
IF(NINSRT.GE.5)GO TO I003
IFIT.LT.TSTART{NINSRT)}GO TO 1003

IF{_ODE.EQ.?)GO TO I001

EULRC{I) = PHIC(NINSRT)*DEGTOR

EULRC{2) =THETAC(NINSRT)*DEGTDR
EULRC(3) = PSIC(NINSRT)*DEGTOR

TMAN=TMANUV{NINSRT)

MDLAST=O

GO TO 1002

EULRDC{I) = PHIC(NINSRT}*DEGTOR

EULRDC|2) =THETAC(NINSRT)*DEGTOR

EUERDC{3) = PSIC{NINSRT)*DEGTOR
NINSRT=NINSRT+I

NMANI=O

RETURN

END
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Called by.

Function.

Subroutine SUMARY

-- MAIN.

-- Prints power, energy, and fuel consumed at the end of each run.
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$IBFTC

10

11

2

3

4

5

6

$8 LIST

SUBROUTINE SUMARY

COMMON/RKYV/OMEGAB(3),BETAr)(3),ALPHAD(3) ,BETA(__),ALPHA(3),PHI,

1 THETA,PSItTLOADB(3)tTLOADA(3)tEMB(3)tEMA(3)tEFF_(3),__FA(3) ,HEXT(3)

2 ,ENRGYB(3)tFNRGYA(3)_HORIZ{2),NIIISE(4},STVI(4),STV?(4),STV3(4) ,

3 STV3P(4),STV5(4), SOT I (4) ,QTB (4)

COMMON/RKC/U( 7q), UMIN (79) ,DTMIN, nTEST, DFLTAT ,NDFIUBL, NINT, T, TRFTRN,

I NOINT(79)

COMMON/TORQUE/MJFT(3) _MTOT(3) tMB (3) tMA {3 ) ,MAGJET (3) ,FUFI._( 3 ) ,

! FLOWRT(3) ,FUELT

REAL MJETt MTOT, MB, MA, MAGJET

COMMON/POWER/PMAXB(3) ,PMAXA(3 ), DTL I ST( 300),K DT

COMMON/CONSTS/RTODEG, DEGTOR,RE,MtI,P IE, WO ( !O) ,VEO, F I XWO(IF)) ,WEARTH

WRITE(6,1)

ENRGYT=O.

FUELT=FUEL(1)+FUEL(2}+FUEL(3)

DU_=l.356/T

DO lO J=l,6

PMAXBIJ)=I.356*PMAXB{J)

ENRGYB(J)=DUM*ENRGYB(J)

ENRGYT=ENRGYT+FNRGYB(J)

WRITE(6t2)PMAXB,PMAXA

WRITF(6,3)ENRGYB,ENRGYA,ENRGYT

DO II J=I,6

ENRGYB(J)=I.333333*ENRGYB(J)

ENRGYT=I.333333*ENRGYT+gO.

WRITE(6,4)ENRGYB,ENRGYAtENRGYT

WRITE(6,5)FUELtFUELT

NIPSEC=FLOAT(KDT)/T +.5

WRITE (6,6)KDT,NIPSEC_ DTL I ST

FORMAT ( IHI, 30X, 6HBETA I tqX _6HBETA

I 7HALPHA 2, BX, THALPHA 3,9Xt5HTOTAL )

FORMAT(25HOMAX OUTPUT POWER (WATTS)

FORMAT(25H AVE OUTPUT POWER (WATTS)

FORMAT(25H THEOR. AVE POWER (WATTS)

FORMAT(25HOJET FUEL (LBS) X,Y,Z,TOT

FORMAT(IHO, IR,24H INTEGRATION STFPS,

I0 WERE, /(6E20.7))

2,qX,6HBETA 3,BX,7HALPHA I,RX,

6El5.7 )

7E15.7 )

7F15.7 )

3FIS.7,45X,FI5.7}

AVF I4,25H/SEC. THE FIRST 30
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RETURN
FND
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Subroutine DERIV

Called by. -- RKII.

Calls. --TRIG, RATE, POSVEL, EXPER, DISTRB, FINDMG, FINDA, FINDB,

EVDER.

Function. -- Serves as a sequencer for computing derivatives.
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$IBFTC SEQ LIST
SUBROUTINE DERIV
CALL TRTG
CALL RATE
CALL POSVEL
CALL EXPER
CALL DISTRB
CALL FINDNG
CALL FINDA
CALL FINDB
CALL EVDER
RETURN
END
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Subroutine TRIG

Called by. -- DERIV.

Function. -- Evaluates sines and cosines of Euler angles and CMG gimbal angles.

Evaluates direction cosine matrix.
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SUBROUTINE TRIG

COMMON/RKYV/OMEGAB(3) ,BETAD(3 ), ALPHAD(_) ,BETA(q) ,ALPHA (3) , PHI,

I THFTA_PSltTLOADB(3),TLOADA(3)_EMB{3)tEMA(3),EFB(3),EFA(3) _HFXT(3)

? _ENRGYB(3),ENRGYA(3),HORIZ(?),NQISE(4),STVl (4),STVP(4),STV314),

STV_P(4) _STVS(4) _SQT I(4) tOTB {4)

REAL NOISE

EQUIVALENCE {OMEGAXtOMEGAB( ! ))t(OMEGAY, OMEGA9 (2)), (OMEGA _, _EGA_
I (3)}

COMMON/SINCO/SINB(3),SINA{_),SINPHI,SINTHE,SINPSI,COSB(3},COSA(3),

I COSPHI,COSTHF,CDSPSI,SINBSO(_),SINASO(3),COSBSQ(_),COSASO(3),

2 DIRCO(],3)

DO | J=|tg
SINBfJ)=SIN(_ETAfJ))

COSB(J)=COS(BETA(J))

DO 2 J=l,6
SINBSQ(J)=SINB(J)**2

COSBSQ(J)=COSB(J)**2

DIRCO (I,1)=COSPSI*COSTHE
DUM=COSPSI*SINTHF

DIRCO (It2)=DUM*SINPHI-SINPSI*COSPHI
DIRCO

DIRCO

DUM=S
nIRCQ

DIRCO

DIRCO

DIRCO

DIRCO (3

RETURN

END

(I,3)=DUM*COSPHI+SINPSI*SINPHI

(2tlI=SINPST*COSTHE

INPSI*SINTHE

(2t2)=DUM*SINPHI+COSPST*CnSPHI

(2v3)=DUMiCOSPHI-COSPSI*SiNPHi

(3,1)=-SINTHE

(3,2)=CDSTHE-SINPHI

t3)=COSTHEoCOSPHI
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Called by.

Function.

Subroutine RATE

-- DERIV.

-- Evaluates equations (A - 7) to (A - 24).
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C
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SIO LIST

SUBROUTINE RATE

COMMONIRKYVIOMEGAB{3),BETAD|3},ALPHAD(3),BETA(3),ALPHA{3), PHI,

1 THETA,PSItTLOADB(3)tTLOADA(3),EMB(3),EMAI3),EFB(3)pEFA(_),HEXT(3)

2 ,ENRGYB{3)tENRGYA{3),HORIZ{2),NOISE{4)tSTVI{4),STV2{4),STV3(4)

STV3P(4 ), STVS(4), SOT{ {4) ,QTB {4)

REAL NOISE

EOU IVALENCE( OMEGAX_OMEGAB(1) ), {OMEGAY, OMFGAB {2) ), {O_EGAZ_ OMEGAR

1 {3))

COMMON/SINCOYSINB{3 ) ,SINA{3} ,SINPHI,SI NTHE, S INPS I ,COSF_{ 3) , COSA{'_),

1 COSPHI_COSTHE,COSPSI,SINBSQ(3),SINASQ{3),COSBSO(3),COSASQ{3),

2 DIRCO{3t3)

COMMON/RATES/OMEGA{ 3t 3 )_OMEGAP { 9, 3) ,OMGA SO {3) ,OMC, AXP("_)

OMEGAP{ I, I )=OMEGAX*COSA {I)-OMEGA_*SINA { 1 )

OMEGAP{2t I )=OMEGAY+ALPHAD{ I )

OMEGAP{_,I)=OMEGAXgSINA{I)+OMEGAI.COSA(I )

OMEGAP(I

OMEGAP{2

OMEGAPf3

,2 }=OMEGAX_COSA (2) +DMEGAY*S INA (2 )

,2)=-OMEGAXI'SINA|2 )+OMEGAY_COSA {? )

,2) =OMEGAZ+ALPHAD(2)

OMEGAP{I

OMEGAP{2

OMEGAP(3

,3 ]=OMEGAX+ALPHAD{ 3)

,3)=OMFGAYtCOSA(3)+OMEGA_-SINA {3)

,3)=-OMEC, AY*S INA(3) +OMEGAZ_CDS A(3)

OMEGA(I

OMEGA{2

OMEGA(3

,I)=OMEGAP|i,i)

,I)=-OMEGAP(I,1

,I)=OMEGAP|3,1)

*COSB(I)+{IMEGAP(2, I)*SINB{I)

)*SINB { L) +OMEGAP (2, I )*COS_ ( I )

+BETAD{ I )

OMEGA(1

OMEGA{2

OMEGA(3

,2)=OMEGAP{I,2)

,2)=OMEGAP{2_2)

,2)=-OMEGAP(2_2

+BETAD{2)

-COSB {2)+OMEGAP (3,2 )*S INR (2)

)*SINBfP}+OMEGAPI3,2)'_COSB(.?)

OMEGA(I,

OMEGA(2,

OMEGA(3v
RETURN

END

3)=OMEGAP(I,

3)=OMEGAP{2,

3)=OMEGAP(I,

3)*COSB(3)-OMEGAP(3,3)*SINB(3)

3)+BETAD(3)

3)*SINB(3) +OMEGAP { _, 3)*COSB (:_)
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Subroutine POSVE L

Called by. --DERIV.

Function.--Performs Kepler orbit position and velocity determination.

Comments. -The algorithm used is presented below. The following symbols are

defined for this section only.

v -
--S

n = lp_ol'IVsl

V
A --S

So-Ivl

H A

L =-h- h0 -So

e : I_-I

E0=
-1

tan
(f-_0) l_-e 2

2 A

e + (f- So)

M = E 0 -e sin E 0

H 2
a -

_(i -e 2)

The procedure:

1) Solve M +
3/2

a

t=E -e sinE

for E
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2) Compute

b _

C

cos E - e

2
e - e cos E

sin E

2
e - e cos E

+_o_(_-'_o_+°(-_'_o_J
H 2

(t)- _ (1+'_'._
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SUBROUTINE Pi3SVEL

COMNONIRKCIU(79) •UMIN (7q) tOTMIN•DTESTt DELTAT tNDOUBL •NINT, T •TRETRN•

] NOINT(79)

COMMON/PVDATA/P[IS(3) •VEL[3] • POSO(3) •VE LO (3) • FCCENT,F_NOW,MF ANAt

I MEANAO, FVECT(_),CETAO•SETAO•PVCON(4)•PTARGT(_)

REAL MEANAt MEANAO

MEANA=MEANAO ÷PVCON (3 )*T

FPREV=ENDW

ENOW= MEANA+ECCENTeS IN [EPREV )

IF(ABS(ENOW-EPREV).GT. II.E-TeABS(ENOW)÷I.E-IO))GO TO !

CENOW=COS (ENOW )

DUM= I .-ECCENT*CENOW

COSETA= (CENOW-ECCENT )/DUM

SINETA=SIN( ENOW)*PVCON (6)/DUM

DUM=C DSE TA*C ETAO÷S INE TAeSETAO

DUN]=SINETA*CETAO-COSETA*SETEO

DUM2= I.

90 2 J=It3

POS (J )=POSO( J)*DUM+VELO( J)*DUM!

DUM3=-POSO(J )*DUMI+VELO (J)*DUM

VEL (J)=PVCON (2) •(DUM'_+FVECT(J) )

DUM2=DUM2+DUM]e.FVECT (J )

r)UM2=PVCON( I )/t')UM2

DO 3 J=l•3

POS (J )=POS(J )*DUM2

RETURN

END
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Subroutine EXPER

Called by. -- DERIV, RKII.

Function. -- This routine solves for the derivatives of the variables related to

star tracker and horizon sensor dynamics.

Comments. D The applicable equations are listed in Appendix D.
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SUBROUTINE EXPER

COMMON/RKYV/OMEGAB( 31, BETADf 3), ALPHAD[ 3), BETA (3} ,ALPHA( 3), PHI,

I THETAtPSI,TLOADBf3),TLOADA[3),EMB(3),EMA|3),EFB[_],EFA{I) tHEXT(_)

2 tENRGYB(3ItENRGYA[3I_HORIZI2)tNOISEI4),STVI(4),STV214),STV3(4),

3 STV3P(4),STVS[4),SQTI (4],QTB[ 4]

REAL NOISE

EQUIVALENCE[OMEGAX,OMEGAB(I} ),(OMEGAY_OMEGAB(2)), |OMEGAZ,tlMEGAB

1 (3))

COMMONIRKYDVIOMGABD|3 ) _BETADD| 3 ) ,ALPHDD {3 ), DRBETA (3 ], DRALPH[ 3 )•

I PHID,THETADtPSID,TLDDBI3)tTLDDAi3),EMBDOT(3),EMADOT[3),FFBDfIT(3),

2 EFADOT{3)_HEXTDi3),ENRGBD(_),ENRGAD(__),HORIZD[2),NOISED(4),

3 STVIDi4),STV2D[4)tSTV3D[4),STV3PD(4), STVSD(4),SOTI_P[4),OTBD(4)

REAL NOISED

EQU IV ALENCE ( OMGAXDvOMGABD( 1 ) ), {F)MGAYD, OMGABD (2 ) ) , {OMCAZn, (]MC,ARr)

l 13))

COMMON/RKC/U [?g ),UMIN (Tg) ,DTMIN, DTEST, DFLTAT,NDOUBI. ,N INT, T, T_ETRN,

1 NOINT[79)

COMMON/S INCO/S INB [3) • S INA{ 3) • SINPHI _SI NTHF_ _S INPSI •C(_SP {3) , COSA (3) ,

1 COSPHItCOSTHE,COSPSI_SINBSQ[3),SINASQ(3) _COSBSO(_),CnSASq(3),

2 DIRCO(3,3}

COMMONIPVDATAIPOS [3} ,VEL (3 ] _ POSO{ 3) ,VE LO {3) , ECCENT, FNOW,ME ANA•

I MEANAO• FVECT(3) ,CETAOt SETAOv PVCON [4], PTARGT (3]

REAL MEANA, MEANAO

COMMON/FLOT IN/ZLATE (15) ,EULRDC (3), EUtRC !T_) ,TMAN, ACF)Mr_A [3) , MODE,

I FBSEL•UPDATE_NGAIN,LAWtMODCf_M, LIMIG(3),LIMOG(3)

INTEGER FBSELtUPDATE

COMMONISENSOR/ESTAR (2 ) tASTAR [2) ,TAUWNG •TAUI, TAU2N, TAU2D,TA t;3N,

I TAU3D,TAU3NPtTALI3DP,TAUS,STKT•STG2•STG3tSTAL,STKM,STKV,_TTFtSTKR,

2 JINRT[4ItETA(2}tTAUHRZ,GHC)RIZ,DELW[3) ,STBIAS(4),STSTG,

3 SXI(2),SYI(2)•SZIi2)tSX|2),SY[2]tSZi2)tELB(]R_(2} ,AZBnRF(?},(_ST(4)

4 tWNG(4)tHRZACT(2]

REAL JINRT

REAL LAMDA

NINT=?g

CO TO (I,2,3•I,I,Itl),MODE

NOUM=I

NINT=45
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4

6

3

9

8

G{')TO 4

N DUM= 4

NSTAR=3

QTBD( I )=SQTI (I)-OMEGAYtCOS |OTB(3 ))-OMEGAZ_SIN (QTB |3) )
OTRD| 3)--$QTI (3)-OMEGAX
DO fi J=1,2

SX(J}=DIRCO |I,1)*$XI(J)+DIRCO (?tl)*SYT(J)+F)IRCn
SY(J)=DIRCO (1,2)_$XI(J)+DIRCO (2t2)*SYI(J)+DIRCD
SZfJ)=DIRCO (It3)*SXI(J)+DIRCO (?,3)*SYI(J]+DIRCn

ELBDRE( J )=ASIN(SX{J) )

AZBORE(J )=ATAN2 |-SY (J) •SZ (J))

QST(J )=ELBORE (J)-QTB( J )

OTBD( 2 |=SQT I(2 )-FIMEGAY*COS (AZBORE (2 ))-OMEGAZ*S IN (AZBC_RE (?) )

OST (3)=(AZBDRE {I )-QTB(3) )eCOS (ELBORE{ ! ))
DD & J=NDUM_4
NOISED(J |=0.

STVlD(J )=0.

STV2D (J)=0.

STV3D (J}=O.

STV3PD| J )=0.
STVSD {J )=0.

SQT ID (J) =0.

QTBD( J)=O.

GO TO (Tt893tII_T_TtT),MODE
.NSTAR=4

r)D q J=lt2
SX(J)=DIRCO II,I)*SXIIJ]+DIRCO (?,I)*SYI(J]+DIRCO

SY(J)=DIRCO (I,2}*SXI(J)+DIRCO (2,2)*SYI(J)÷DIRCF]

SZ(J)=DIRCO (I_,3)oSXI(J}÷DIRCO (2_3)*SYT(J|÷DTRCD
ELBDRE {J )=-ASIN{ SZ(J) )

AZBORE( J ]=ATAN2 (-SX (J |•SY| J) )

QST(J )=FLBORE(J)-OTB(J)

QST(J÷2)=(AZBORE( J)-QTB(J+2} )*CO_ (ELBORF_ (J))

QTBD(J) =SQT I{J }÷DMEGAX_COS {QTB (J+2 ))÷CIMFGAY*S IN( OTB (J÷2 ))
QTBD(J÷2) =SQTI (J+?}-OMEGAZ

DO IO J=I_NSTAR

NOISED{ J)= (WNG(J)-NOISE (J ))/TAUWNG

STVID {J}= (OST{ J)*STKT-STVl {J) )ITaUI

(3_ 1)*S/_ I (J)

(3_2)*SZI(J)

("_,3) *$7_If J)

(3,1)*SZI (J)

(_,2)*SZIIJ)

(_,31-S/ I(d)
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20

22

10

7

11

STV2r)[J)=(STG2*[STVI{J)÷NOISE(J))-STV2Ij))/TAU2D

STV_D(JI=ISTG3m(TAU2N*STV2D|J)+STV2(J)-STV5(J))-STV3|j) )!TAU3D

STV3PD(J)= lTAU3N*STV3D (J) +STV3(J )-STV3P (J) )/TAU3DP

DUM =TAU3NPmSTV3PD |J )+STV:_P (J )

IF(ABS(DUM ) .GT.STAL) DUM =S I_N( STAL, F)UM )

STVSD(J)=(STKR*OTBDIJ)-STVS{J))ITAU5

IF(OTBD(J).NE.O.}GD TO 20

SOTID (J)=STKM_DUM

IF{ABS(SOTID(J)).GT.STTF)GO TCI 21

SOT It)(J)--O.

GO TO 10

SOT ID (J)=( SOTID(J)-SIGN(STTF, SOTID(J)) )IJINRT(J)
GO TO 10

STCfIUL=S IGN( STTF, QTBD (J) )/J INRT (J )

SQTID (J)=STKM* (DUM-STKV.OTBD{ J) )/J INRT (J)-STCC)UL

DUMI=DELTAT.SOTIn {J)

IF(DUM1/OTBI_(J).¢E.-1.)GO TO 10

DUM2=SOT It)(J )+STCOUL+STCOUL

IF(DUM2/SQTIDIJ).LE.O.)GO TO 22

SOT IF)(J)=DUM2÷QTBD{ J )* (DUM2-SOT ID (J) }/ DUM I

GO Tn I0

SOT IO (J) =-OTBD (J)/DEE TAT

CONTI NUF

HORIZD| I)=0.

HOR IZD{2 )=0.

RETURN

NINT=47

r)UM I=POS (I )._2+PF)S| 3) *e2

DUM2=SORT (DUMI)

DUMI=SORT |DUMI +PC)S(2)*-2)

LAMDA=ASIN(POS |2) IDUM!)

CLONG=POS ( 3 )IF)UM2

SLONG=POS( I )/DUM2

LAMI')A=LAMDA+.O03"_73.S IN (2.*LAMDA) +. O00006*SI N( 4. *LA_F)A)

HRZACT(1)= DIRCO (],?)*CLF}NG-DIRCn (3,2)*SLIING

HRZACT(2)= {DIRCO (I,I)*SLONG+DIRCO (3,1)*CLC)NG).

[ CFIS(LAMDA)+DIRCF) (2tl)*SIN(LAMDA)

HORIZD{ I )={GHORIZ*HRZACT( ! )-HOR II {I ))/TAUHRZ
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HOR IZI_( 2)= (GHOR| 7*HRZACT (2)-HOR I7 (2))I TAItHR7

RETURN

END
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Subroutine DISTRB

Called by. -- DERIV.

Function. -- Computes disturbance torques acting on the vehicle, including time

functions approximating gravity gradient, and aerodynamic torques plus internal mov-

ing mass effects.

Comments. -- The equations used in this routine are those supplied in the RFP.
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SUBROUTINE DISTRB

COMMON/RKC/U(79) tUMIN (79} tDTM IN tnTESTt DELTAT _NDOIJBL t NINT, T _TRETR_J t

[ NOINTK79)

COMMDN/CGYRO/AAvBAyCAtABtBBtCB,AG_BG_JMBETA_JMALPH,AB AGtBB BG_

| CB BGtAA BA_AA CAtBA CA,BB CB,DIFI_DIF2tGRAJMA,SUMI,SUM2,SUM_,

2 SUM4tSUMStSUM6tSUMTtSUMBtSUMgtSUMIO, AC_nMC, O(3)tAGOMGr)(3),AGDMGMt

HNOM

REAL JMBETA,JMALPH

COMMON/CBODYI TXXt IYY_ IZZ, IXY_ IYZ, IXZ, I XXO, IYYO, I ZZO_ IXYO, I YZO,

I IXZOtIXXD_IYYD_IZZDtIXYDtIYZD,IXZDtITERM{3)

REAL IXX_ IYY, IZZ, IXY, IYZ, IX/, IXXOt IYYO, I ZZO, IXYO tIYZO, IX/r), IXXn,

! IYYDtIZZDtIXYDtIYZDtIXZDtIT_RM,INERT(6),INERTO(6)yINERTD(6)

EQLJIVALENCEfIXX,INERT(I)),[IXXO,INERTO(1))t(IXXD,INERTD(1) ]

COMMON/FLOT IN/ZLATE { |5) tEULRDC [3), EULRC[ 3) ,TMAN, AGOMGA (_], MODE,

I FBSELtUPDATEtNGAIN_LAWpMODCnM,LTMIG[3),LIMOG(3)

INTEGER FBSEL,UPDATE

CDMM(IN/DIST/MDIST(3)tMDNOM(3}_SPHASE(3,6),CPHASE(3t6],SFREO(6),

I CFREO{6)tMDAMP{,_t6),FREQ[6),TQEMM[3)

REAL MDI ST, MDNOM, MDAMP

COMMON/MflVE/QMASS yQMASS2, PMASS{ 3) ,VMAS S [3 ), AMASS (3), P_ASSO [ 3 ) _

I VMASSO(3)tAMASSO|3)tR{3)vRDMGA(3)tRDMCA?[3),F)MGAMM('_),HALFAM[ _,),

2 COSMM{3),SINMM[ _)

I30 1 J=l,6
DUMMY=FREO( J )*T

SFREO (J )=S IN {DUMMy)

CFREO (J)=COS (DUMMY)

DO 3 J=1,3

MDI ST (J)=MDNOM{ J )

DO 2 K=It6

MDIST(J)=MDIST|J)÷MDAMP(J_K)*(SFREO[K)*CPHASE(J,K)+CFREO[K)*

1 SPHASE(J,K) )

DUMMY=OMGAMM fJ )*T

SINMM [J )=SIN fDUMMY)

COSMM{ J )=COS {DUMMY)

PMASS(J)=(HALFAMfJ)mT+VMASSO(J))*T+PMASSO(J)

VMASS [J)=AMASSO| J )wT+VMASSO {J )

PMASS [I)=PMASS II ]+R (3) wCOSMM ( 3]+R (2)*COSMM (? )
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PMASS (2)

PMASS {3 )

VMASS ( I )

VMASS (2 }

VMASS (3)

AMASS (1 )

AMASS (2)

AMASS (3)

DO g

IFfJ-

JY=2

JZ=3
GO TO 7

JY=3

JZ=I
f;,O TO 7

JY=I

JZ=2

=PMASS{2)

=PMASS{3)

=VMASS(I)

=VMASS(2)

=VMASS(3)

+R(3)_SINMM(3)+R{I)tCnSMM(1)

+R{2)*SINMM(2)+R(])_SINMM(1)

-RnMGA(3)eSINMM(3)-ROMGA(2)_SINMM(2)

+ROMGAI3)mCOSMM(3)-RDMGA(I)eSINMM(1)

+ROMGA(2)_CDSMM(2)+ROMGA(1)_COSMM(1)

=AMASSO { ] )-ROMGA2( 3)*CDSMM (3)-ROMGA2 (2)*COSMM (2 )

=AMASSO (2 )-ROMGA2 (3)eSINMM( 3)-ROMGA2 (I }'COSf'_M ( l )

--AMASSO( _)--ROMGA2 (2)*SINMM( 2)- ROMGA2 (I )eSI NMM (1 )

INERT (J }= INFRTO (J)+OMASS_ ( PMA SS(IY) mPMAS S (JY )+PMASS (J/)*PM A SS (J7 ) )

INERT (J+3 )=I NERTO (J+3 )+OM A SS*PMA S S (J) * PMASS (JY)

INERTD( J )=QMASS?* (PMASS (JY)*VMASS (JY) + PMASS( J/}*VMASS (JZ) }

INERTD (J+3 )=QMASS* (PMASS (J }DVMA SS (J Y} + PMAS S (JY )*VMASS (J ) }

AGOMGA( J )=AGOMGO (J) +AGOMGD (J }wT

IF(AGOMGA(J).GE.O.)GO TO 8

AGOMGA[ J )=0.

GO TO 0

IF(AG(]MGA{JT.LE.AGQMGM)GO TO g

AGOMGA (J )=AGOMGM

CONTINUE

RETURN

END

3-120



Subroutine FINDMG

Called by. -- DERIV, RKII.

Function. -- Computes derivatives of the variables associated with the CMG gim-
bal servo dynamics.

Comments. -- The equations are listed in Appendix C.
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SUBROUTINE FINDMG

COMMONIRKYVIOMEGAB(3) ,BETAD|3 |, ALPHAD(3) ,BETA( 3), ALPHA (3) _PHI,

I THETAtPSItTLOADB(3)tTLOADA(3),EMB(3),EMA(3)tEFP_(3),EFA(3),HEXT(3)

2 tENRGYB(3),ENRGYA|3)tHORIZ(2),N(IISE(4),STVt(4),STV2(4),STV'_(4),
3 STV3 P(4 )tSTV5 (4) ,SOT I(4),OTB (4)

REAL NOISE

EQUIVALENCE{ OMEGAX,OMEGAB( !) ), (OMEGAY, OMEGAB (2)), (OMEGAZ, O

I I3) )

COMMON/RKYDV/OMGABD(3) tBETADD( 3), ALPHDD(3) tDRBETA (3), DRAI.P

I PHID_THETADtPSID,TLDDB(3)tTL_r)OA(3)tEMBD(IT(3)tFMAr)flT(_),EF

2 EFADOT(3)tHEXTD(3)tENRGBD(3)tENRGAD(3),HORIZD(2)tNOISEF)(4

3 STVtD(4)tSTV2D(4)tSTV3D(4),STV3PD(4)t STVSD(4)tSOTIF)(4),OT

REAL NOISED

EQUIVALENCE (OMGAXD, OMGABD (1)), (OMGAYD, DMGABD (2)), ([!MC,AZF),O

1 (3))
COMMDN/CSERVO/BINPUT(3}tAINPUT(3) tK2BETAvK?ALPHtTAUDBF,TAU

I KBETAtKALPH,KSFBEtKSFALtTAUNBE,TAUNAL,TAIJBE,TAUAL,ELIMP'E
2 KTBE,KTALtKBBFTAtKBALPHtTAUMBF,TAUMAL,TFBFTA,TF/_LPH,BLI M(

3 ,GRBETAt GRALPH
REAL K2BETA, K2ALPH, KBETAt K ALPH,K SFBEt K SF AL tK TBE ,KTAI-, KBBET

COMMIIN/TOROUE/MJET(3) _MTOT (3}, MB (3) ,MA (3) ,MAGJET (3), FUEL( 3

[ FLOWRT( 3)tFUFLT

REAL MJETt MTOTt MB,MA tMAGJET
COMMONIFLOTINIZLATE (15} ,EULRDC (31 ,EULRC(3) ,TMAN,AGOMGA(3) ,IWODE,

I FBSELtUPDATE,NGAINtLAWtMODCOM,LIMIG(3),LIMOG(3}

INTEGER FBSFL tUPr_ATE
COMMON/FLODUT/BETADC( 3), ALPHDC( 3} tTELA 7C,EULER (.3),EPSLr_N( .3),

I OMGABC (3), JET (3}

DO l J=It3
BINPUT (J) =BFTADC (J)

A IN PUT (J }=AL PHDC (J )

IFIL IMIG(J) }2_3_4
BINPUT(J)=AMAXt(O.,BINPUT(J))

GO TO 3
BINPUT(J}=AMINt(O.tBINPUT(J)}
IF (l IMOG (J) }5,6, 7

AINPUT(J )=AMAX! {0., AINPUT (J})

MEGAR

H(3),

BOOT( .3),
},
Bn(4)

MGABD

DAL ,

ELIMAL,

T,ALIMIT

A ,KBALPH

),
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GO TO 6

AINPUT(J }=AMTN]. {0. t AINPUT (J) )
EFBDOT(J )= (P, FTAD(J)*K2BFTA-EFB(J) )/TAtlOFF
EMBDOT(J )=(KBETA* (KSFBE*BINPUT( J )-EFP,( J )-TAI.JNBE*EFBDOT(J) )-EMP. (J)

] _ ITAUBE
DUM=EMBI J }

IF (ABS (DUM). GToEL IMBE )DUM=S IGN( FL IMBE_ DIIM|

TLDDB (J)=(KTBE_{ DUM-KBBETA*BFTAD(J) )-TLOADB(J) )ITALJ_BE

EFADOT(J )=( ALPHAD! J} *K?.ALPH-FFA (J })ITAUDAL

EMADOT(J )= (KALRH. (KSFAL.AINPUT(J)-EFA( J)-TAtJNAL.EFADOT (J) )-EMA (J)
[ )ITAUAL

DUM=EMA(J)

IF {ABS(DUM) .GT.EL IMAL )DUM=S IC.N(El_IMAL, DUM )

TLDDA (J )= {KTAI.e (DUM-KBALPH*ALPHAD (J) )- TI_OADA (J)) ITAtJMAL
RETURN

END
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Subroutine FINDA

Called by. -- DERIV.

Function. -- Computes aij and a_j using equations (A - 25) to (A - 51).
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S[5 LIST

SUBROUTINE FINDA

COMMONISINCOISINB (3) •SINA(

I COSPHI, COSTHE ,COSPSI, S INB

2 DIRCO(3,3)

COMMON/AGROUP/AIq,9 ),AP( 3•

! XBSO(3] •BAXB{3)

COMMONICGYROIAA•BA, CAn ABtB

I CB BG_AA BA_AA CAtBA CAtB

2 SUM49 SUMS• SUM6_SUMTtSUM8,

3 HNDM

REAl. JMBETA, JMALPH

31 •SINPHI,SI NTHEtSINPSI •CFISB('_), CnSA (3),

SO(]) ,SINASO (3) ,COSBSO[._) ,COSASO (.3),

3]tAPINV(3t3]tDETAP•DIFIXB(3)_AXR(3]_

BeCBeAG•BGtJMBETAtJ_ALPHtAB Ar,tBB Br_•

B CBt DIFleD IF2•GRAJMA tSUeZ tSUM2 tSUM3e

SUMgeSUMIO,AGOMGO(3) ,ACOMGD(3),AGOMG u,

COMMON/CBODYIIXX•IYY,IZZ•IXYtIYZtlXI, IXXOtIYYO, IZZO•IXYntIYZO•

I IXZOyIXXD_IYYDtIZZD, IXYDtIYTDtIXZD,ITERM(3)

REAL IXX, IYY,IZZ,IXY,IYZtIXZ,IXXOtIYYO,IIZO,IXYn,IYIOtIX7DtIXXD,

! IYYD, IZZDtIXYDtIYZDtIXZDtITERM, INERT(6)tINFRTO(6],INFRTD(6)
EQUIVALENCEIIXX, INFRT(I)),(IXXO,INERTO(1)),(IXXP,INFRTD{]])

DO 1 J=l,3
XBSQ(J)=(AB AGI_SINBSO(JI+(BB BGI*COSBSO(J)

BG)*SINBSO(J)J)=AA÷(AB A6)*COSBSO[J)÷(BB

J)=SUM2+XBSO(J)

BIJ)=DIFI*SINB[J)*COSB(J)

J=l,3
2)2•3t4

AAXB(

BAXB(

DIFIX

nO 6

IF(J-

J2=2

J3=3

GO TO

J2=3

J_=l
GO TO

J2=l

J3=2

5

5

A(J,2*J+2)=SINA(J)*SUM3

A(J,2*J2+2)=COSA(J2)*SUM3

A(J,2*J+3]=COSA(J)*DIFIXR(J)

A(J2,2*J3+9)=-SINA(J3)*DIFIXB(J3)

A|J2t2eJ÷3)=SUMS÷XBSO(J)

A(2*J+3t2eJ+3)=SLIM2÷XBSQ|J)
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10

l!

DO 11 J=l,3
IF(J-2)7,8tq
J2=2

J3=_
GO TO 10
J2=3
J3=l
r,o TO I0

J2=l
J3=2
AP (J, J )=INERT( J )+COSASO (J )*AAXB (J) +SIN ASO( J2 )*AAXB (J? )+SUMB *

l (S INASO (J }+COSASO(J2 ))-A (J,2*J+3 )*'2/A( 2"J+3,2"J+3 )-A( J, 2"J2+_ )**

2 21A(2*J2+3,2*J2+3)+(SUMglBAXB(J_))*(XRSQ(J3)+BA)

AP(J, J2)=-INERT (J+3)+SINA (J2)*COSA (J2) *( SUMS-AAXP (J2) +D IF I XB (J?)**

I 21RAXB(J2) )+SUMIO*(A(J,2*J÷'_)IBAXR(J)+A(J2,2*J'_+_)/FAXR(J_) )

AP(J2,J}=AP(J,J2)

RETURN

END
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Subroutine FINDB

Entry points. -- FINDB, FINDBP.

Called by. -- DERIV, RKII.

Function. -- Computes b i and bi by equations (A-52) to (A-69).
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SUBROUTINE FINDB

COMMON/RKYV/OMEGAB |3) , BETAD( 3), ALPHAD("_) ,BETA ('_) ,ALPHA("_) , PHI ,

| THETAtPSItTLOADB(3)tTLOADA(3),EMB(3),EMA(3),EFB(3)tFFA(3) tHEXT(3I

2 tENRGYB(3)tFNRGYA(3)tHORIZI2)tNOISEI4)tSTVI(4}tSTV2(4),STV3(4)t

3 STV3P(4) tSTV5 {4) ,SQTI (4), QTB(4)

REAL NOISE

EQUIVALENCE(OMEGAX,OMEGAR(1) ) _(OMEGAYtOIWEGAB(2))t (OMEGAT-,OMEGAB

1 13} )

COMMON/RKC/U(70) ,UMIN l 7g) t DTMINtDTEST, DELTAT _NDOUBL •NINTtT, TRFTR_q,

l NOINTITg)

COMMON/SINCO/SINBI3)tSINA(3)tSINPHItSINTHE_SINPSI_COSI_(_),COSA(3)t

I COSPHI,COSTHEtCOSPSI,SINBSQ(3) _SINASO(3)tCOSRSQ(3) ,COSASO(3),

2 DIRCO(3,3)

COMMON/RATES/OMEGAI 3t 3), OMEGAP('_ t _ ) tOMGASO(_) _OMC, AXP(_)

COMMONIAGROUPIA(gt g) ,AP(3t 3) tAP INV( 3_3 )tDETAP ,I'_IFIXB I3) ,AAXF_( 3 ) ,

I XBSO (3) tBAXB(3)

COMMONIP.GROUP/BAUXI (3) • BAUX2 (3) •8AUX3 (

I BAUX6(3 ),BAUX7 (_1 tBAUX8( ._),BAUXq (3)t B

2 BAUXI2(3)tBAUXI3(3),BAUXI4(3)tBAUXI5(

3 BAUXIB(3),BAUXIq(3)tBSMALL(q)•BLARGE(

COMMON/CGYRO/AAt BA•CA• AB• BB•CB• AC tBG, J

I CB BG,AA BAtAA CAtBA CAtBB C.BtDIFItDI

2 SUM/,tSUM5t SUM6• SUM7• SUM8, SUMqt St_MlOt A

3 HNOM

REAL JMBETA• JMALPH

COMMON/CBODY/IXX _ IYY, IZZ• I XY, IYZ, IXZ, I

I IXZOtIXXD, IYYDtIZZDtIXYDtIYZD•IXZPtIT

REAL IXX t IYY• l/Z• IXY• IYZt I XZ• IXX_t IYYO

! IYYD,IZZD, IXYD, IYZD, IXZD, ITER. M.'INERT(

EQUIVALENCE( I XX, INERT(1) ), ( I XXO, INERTO

COMMON/CSERVO/B INPUT( 3), A INPUT(_) tK2BE

! KBET At KALPH• KSFBE tKSFAL •TAUNBE •TAUNAL

2 KTBE •KTAL, KBBETAtKBALPHt TAUMBE ,TAUMAL

3 tGRBETAtGRALPH

REAL K2BETA tK2ALPH• KBETA, KALPH, KSFBE, K

COMMON/TOROUE/MJFT| .3) ,MTOT (3), MB (3) ,MA

I FLOWRT (3),FUELT

3) •RAtlX4(3) ,BAUX5 (3) t

AUXIO(_) ,BAUX ! 1 (_),

3} tBAUXt6(_),BAiIXtT(3)

q), P..PRI.M.E(0 )

MBETAiJUALPH•AB AG,BB BGt

F2 tGRAJMA t SUM| _SU_2, SUMS,

GOMGO (T_), AGOMGr_ (3), A GI3MGM,

XXO, IYYO• lIlO, I XYO, I YZO ,

ERM(3)

,I/ZO, IXYOt IY/O,IX/O, Ixxr),

6),INERTO(6)tINFRTD(6)

(I)),(IXXDtINERTD(1))

TA _ K2ALPH_ TAtlDBF, TAUDAL•

TAUBF, TAUAL •EL IMrIE _ EL IMALt

•TFBETAt TFALPH, BL IPl T, AL I_I T

SF AL tKTBE tKT AL, KBBF T A, K BAL PH

(3), MAGJET ( 3), FUEL('_ ),
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4

REAL M JET, MTOT, MB,MA _MAGJET

COMMON/IOCONT/ZREAL (I5} _NUMBFR | [_ ),NORf_FR( 15 } ,TEVENT (I 5 ), TP_ATCH,

| NEVENT, EVENTT(15),TCYCLE,NCOST!,NMAN!,NPRINT,NPRCTL,TEND,LNECNT

COMMON/FLOT IN/ZLATE (I5) ,EULRDC [3) ,EULRC(3) ,TMAN, AGOMGA (3) , MODF,

| FBSEL,UPDATF-tNGATN_LAW_MODCOMtLTMIG(3),LTMOG(3)

INTEGER FBSEL t UPr)ATE
COMMON/FLOOUT/BETADC { 3) tALPHDC (3) , TELA 7C, EULER (3) _ EPSLIT1N( _ ) ,

t OMGABC(3) _ JET(3)
COMMON/DIST/MDIST('_)tMDNOM(3)_SPHASE(3_6) tCPHASF(3t6) _SFREO{6),

I CFREQ{6),MDAMPi3,6|,FREQi6),TOFMM(3)

REAL MD I ST,p MDN(3M •MDAMP

COMMON/MOVE/OMASStQMASS2t PMASS (3 ) t VMAS S (3) ,AMASS (_) _,PMASSO (3) •

I VMASSO(3)•AMASSO(3)tRt3)_Rt'IMGA{3),ROMGA2(3),OMGAMM(3),HALFAM('_),

2 COSMM(3),SINMM(3)

DO 5 J=],3

DUM=JET (J )

M JET (J) =DUM*MAGJFT(J)

MTOT( J)=MJET (J )+MDI ST( J )

IF(J-2)I,2,3

JPl=2

JP2=3

GO TO

JPl=3

JP2=l

GO TI_

JPI=I

JP2=2

BAUX1

BAUX2

BAUX3

BAUX4

BAUX5

BAUX6

RAUX7

BAUX8

4

4

(J)=OMEGAP(J,J)*ALPHAD(J)

(J)=OMEGAP(JP2,J)-ALPHAD(J)

(J)=OMFGA(JP2tJ)-OMEGA(JPI,J)*(BB CB]

(J)=SINB(J)*BAUX3(J)

(J)=CDSB(J)*BAUX3(J)

{J)=OMEGA(JP2_J)*{NMEGA{JtJ)*DIF2÷AG OMGA(J))

{J)=SINB(J)*BAUX6(J)

(J)=COSB(J)*BAUX6(J)

RAUXg(J)=OMEGAP(JP2_J)*OMEGAP(J•J}*(AA CA)

BAUXIO(J)=AAXB{J)*BAUX2(J)

RAUXIIIJ)=DMEGA(JPI,J)*(AB AG)
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6

7

8

9

LO

BAUX12(J

8AUX13| J
BAUX14(J

_R,AUX151J

BAUX16{ J

BAUX17(J

BAUXt8fJ

BAUXlgIJ

OMGASO( J

) =OMEGA{ J, J )* (P,B BG)
)=ICOSB{ J )*BAUX].]. ( J)+SINIa ( J ).B AUX121J } )*FETAI:)IJ )

) =5UMT*P, AUX [ ( J )

)=OMEGAP (Jr J)*OMEGAP| JPt, J)*(AA BA)

)=OMFGAP(JP]_J)*t:)MEGAP(JP2tJ)* (RA CA)

}=(OMEGAP(JP2_J)+GRBFTA*RETAD(J} }*JMBFTA

)=OMFGAP (Jr J)*BAUX[7(J)

)=OMEGAP( JP]._ J)*BAUX17(J)

) =OMEGAP, ( J | **2

OMGAXPI J }=OMFGAB (J }*OMEGAB (JPI )

BSMALL(2*J+2)=OMEGA(JPI,J}*(fIMEGA(JtJ]*DIFI÷AG OMGA(J))

I -(SUM 3)*BAUXI(J)

BSMALL(2*J÷3 )=S INB(J)*COSB {J }*DIF 1- {BA UX2 (J)-RF_ TAD (J)* DMEGAP(JPl,

]. J)) ÷OMEGAP(JtJ)*BETAD(J)*XBSO(J)+BAUX4(J)-F_,_UXR(J)

2 -BAUXg( J )÷BAUXIR !J )-AGfIMGD{ J)*SINB {J)

DO 10 J=1,3

IF(J-2)6,7,8

JPI=2

JP2=3
GO TO 9

JPt=3

JP2=l

GO Tn 9

JP1=l

JP2=2

TQEMM(J)= INFRTD(J+3)*OMEGAF_(JPI}-tTNERTF)(J)*F)MF_GAR{J)-

1 [NERTD(JP2+3) *O_'EGAR(JP2) +OMASS* (OME3 AB (JPl )* (PP_SS (J)*VMASS (JPl. )

2 -PMASS (JPl )*VMASS {J ) )+OMEGAB |JP2 )* (PMASS (J ) '=VMASS [Jr_2 )-PMA SS (J P2 )

3 *VMASS(J))÷PMASS{JP1)*AMASS(JP2)-PMASS(JP?)*AP, ASS(JPl)))

ITERM(J}=(OMGASQ(JP2|-OMGASQ(JPl) }*INERT(JPI+3 }+OMGA_CP(JPl }*(

]. INERT(JP2)-INERT(JP[))÷OMGAXP(JP2)*INFRT(J+3)-OMGAXP(J)*

2 INFRT| JP2+3)-TOFMM (J )

BSMALL{ J )=C0$A {J) *| BAUXtO(J) +BAUXS(J) ÷BAUX7 (J)-F_AUX I'_(J)

I ÷BAUXI6(J)-BAUXtO{J)-AGOMGr_(J)*COSB(J))

2 -SINA (JPI )* (BAUX 10 (JPI )+BAUX=i ( JP] |+BA UX7 (J P 1 )-_AUX t 3 (JP[ )

3 +RAUXI6(JP])-BAUXIg{JPI)-AGOMGD(JP|}*COSR(JP]))

4 ÷SINA(J).(BSMALL{2*J+2)-BAUXI4(J)+BAUX[=;(J))

5 +COSA{JPI)*(BSMALL!2*JPI÷2)-BAUXI6(JPI)÷BAUX15(JPl) )
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21

22

26
_5
2O

6

7

8

9

ENTRY FINDBP

DO 20 J=It6

K=J

I=J+3

JP2=2

IF(K.GE.4IGO

DUM= [.

GO TO 22

K=J-'_

I=K

JP2=3

DUM=- 1.

+D IF IXB (JP2)eBAUX2 (JP2)+BAUX4(JP2)-BAUX8 |JP2)-BAUXq(JP2)

-BETAD (JP2 )*(BAUXll (JP2)*SINB( JP2)-RA UX12 (JP2)*COSB (JP2) }

-I TERM (J )+t_AUXt 8 (JP2 )+GRAJMA* (AL PHAD [J )*OMEGA_ |JP2 )-

AL PHAD (JP [)oOMEGAB (JPI ) )-AGOMGD (JP 2) e SINB {JP2 )

TO 21

SUMTOE=TLOADB (J) +BETAD( I }*AGOMGA (K ]_COSR (K )*DUN
COUL=BINPUT (JP2+25)

IFIBETAD{J).NE.O.)GO TI3 23

IFIABSISUMTQE).LE.COUL)GO TO 24
MB (J)=TLOADB (J)-S IGN( COUL, SUMTOF )
GO TO 20

MB! J) =TLOADB( J }-SUMTQE

GO TO 20
NDUM= JP2+2_K

Z INRT =A (NDUM tNDUM )
COUL=S IGN |COULIIINRT, BFTAD (J ) )

DUMI= SUMTQE IZ INRT-COUL

DUMDEL=DUM!*DELTAT
IF|DUMDEL/BETAD(J).GE.-I.)GF) TO 25

DUM2= DUM 1+COUL +COUL

IF(DUM21DUMI.LE.O.)GO TO 26

DUMI=DUM2+BETAD(J)*|DUM2-DUMI )IDUMDEL

GO TO 25

DUMI=-BETAD( J )/DELTAT

MB (J) =TLOADB(J }-SUMTQE+DUMI*7 INRT

CONTINUE

DO 13 J=l,3
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BLARGE(J)=BSMALL(J)+HTOT(J)
BLARGE(2*J+2)=BSMALLI2*J+2)+MB(J)
BLARGE(2*J+3)=BSMALL(2*J+3)+MA(J)
DO II J=4t9
BPRIME(JJ=BLARGE(J)/A(JtJ}
BPRIME(II=BLARGE(I)-(A(It4)eRPRIME(4)+A(lyS)*RPRIME(S]

1 +A[I_6)-BPRIME[6)+A(ItT)*BPRIME(7)+A(I,q)*DPRIHF(q))

BPRIME(2)=BLARGE(2)-(A(2,5)*BPRIME(5)+A(?,6)*BPRIMF(6)

! ÷A(2,7)*BPRIME(7)+A{2tS]*BPRIME{8]+A(2vq)*RPRIME(q))

BPRIME[_)=BLARGE(3)-[A(3t4)mBPRIME(4)+A(3,5)*BPRTME[5)

] +A{3tT)*BPRIME|7)+A|3yB)*BPRIME{8)+AI3,q)*BPRIMF(q))

RETURN

END
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Subroutine EVDER

Entry points. -- EVDER, EVDERP.

Called by. -- DERIV, RKII.

Calls. -- SOLVEX.

Function. -- Computes Euler rates (Appendix B) and _}i and _'i' equations (A-79)
to (A-85).

Comments. -- This routine can set any selected state vector derivative(s) to
zero. This will 'tfreeze" the associated state vector element at its initial value.
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SUBROUTINE EVDER

COMMON/RKYV/_MEGAB(3),BETAD(3

I THETA, PSI,TLOADBI3),TLOADAI3

2 vENRGYB(3),ENRGYA(3)tHDRIZ(2.

STV3P(4)tSTVS(4),SOTI(4)tOTB

REAL NOISE

EQUIVALENCE(OMEGAX,OMEGAB{1))

1 (3})

1, ALl)HAD(3) _BETA (_), ALPHA (_) t PHI t

),EMBI'_)_EMA(_),EFF_(3),EFA(3),HFXT(3)

) ,N(]I SE( _ ), STVl (4) ,STV? (4) ,STV_ (A),

(4)

• (OMEGAY, (]MEGAB(2}) , (OMEGAI_.,OMEGAB

COMMON/RKYDVIOMGABD (3 ) tBETADr_ ('_), ALPHDD(3) ,DRBETA ( 3 ), DRALPH( 3),

I PHID_THETAI'),PSIr}_TLDDB(3)_TLDDA(3)yEMBDI')T(_},EMADF!T(3),FFPD(]T{3)

2 EFADOT(3),HEXTD(3),ENRGBD(3)vENRGAD(3),HORIZD(2),N(]ISED(4),

3 STVID(4)_STV2D(4)_STV3D(4) tSTV:_PD(4), STVSD(4) _SOTII](4) vqTl_r)(A)

REAL NOISED

EOUIVALENCE (OMGAXD, OMGABr) (I ) I, (OMGAYI'),

I (3))

COMMON/RKCIU (70) ,UM IN(79) tDTMIN,DTESTt

I NOINT(79}

COMMON/S INC(]ISINB( 3), SINA( 3), S INDHI ,ST

1 C(]SPHI,COSTHE,COSPSI_SINBSO(3),SINASQ

2_ DIRCO('_, 3)

COMM(]N/RATES/OMEGA(3,3) _OMEGAP (3,3) ,OM

COMM(]N/AGROUP/A(g_q) tAP(3t3)_APINV(_]

I XBSO(3) _BAXB(3)

COMMON/BGROLIPIBAUX! (3) t BAUX2 (3) ,BAUX3 (

I BAUXA(3)_BAUXT(3)_BAUXS(3)tI_ALIXC_(3),B

2 BAUXI2I 3),BAUXI3(3),BAUX14(3) _BAUX15(

3 BAUX 18( 3 ), BAUXIg ( 3), BSMALL (g) ,BLARGE (

COMMON/TORQUE/MJFT I3), MTOT (3) tMB (3) ,MA

I FLOWRT( ?_),FUELT

REAL MJE T _MTOT, MB, MA _MAGJET

PSID= (SINPHImOMEGAY+COSPHI*(]MEGA7)/COSTHF

TH ETA D=C OS PHI *f)M EGAY- S INPH I* (]ME GA Z_

PHID=DMEGAX+PS IDeSINTHE

r_3 5 J=l,3

DRBETA(J )=BETAD(J)

DRALPH( J )=ALPHAD(J)

HEXTD {J) =0.

OMGABD (2 ) ), (OMGAZn, 0 MC,A P.,r)

DELTAT ,NDOUBL, NINT, T , TRFTRN,

NTHE,SINP,_I,CrISB(7),C(!SA(_),

(3) ,COSI_SQ (3 ) ,COSASQ (-_) ,

GA SO(_) ,OMGAXP (3)

) _DETAP_r)IFLXB{3) _AAX_(3)

_),BAUX4(._!,BAUXS(_) ,

AUX IO(3) ,BAUXI L ('_),

T_)_BAUX](-,f "_) _BAUXI'_{ 3),

9) ,BPR IMF(Ct)

('_) ,MAGJET (3) ,FUEl.("_) ,
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4

DO 5 K=]._3
HEXTD ( J )=HEXTD (JI+OIRCO( JtK)*MTOT(K )
ENRGBDI1)=ABS(TLnADB(I)Q ONEGAI3,1))
ENRGBD(2)=ABS(TLOADB
ENRGBD(3)=ABS(TLOADB
ENRGAD( 1 )=ABS (TLOADA
ENRGAO(2)=ARS(TLOADA
ENRGAD(3 )=ARS(TLOADA
ENTRY EVDERP
CALL SOLVEX (APtAP INV
RETADD ( 1 ) =BPR ! NE ( P4.)-
BETADD(2)=BPR IME(6)-
BETADD(3 )=BPRINE|B)-
DO 2 J=1,3

f2t* OMEGA(I,2))

(3)* OMEGA(2,3))

(X)*OMEGAP(2,t))

(2)*OMEGAP(3,2))

(3)*OMEGAP(1,3))

tDETAPtOMGABD,BPRIME,I)

(A(L,4I*OMGAXD+A(3,4)*OMGAZD)/A(6_4)
(A(I,6)*OMGAXD+A(2_6)*OMGAYD)/A(6,6)

(A(2,8)*OMGAYD+A(3_8)*OMGAZD)/A(R,8)

ALPHDD( J)=BPRIME( 2"J+3 )- (A (1,2" J+3)*OMGA XD+A(2,2-J+3) *OMGAYD

1 +A( 3,2-J+3 )*OMGAZD ) IA (2*J+3t 2-J+3)
DO 3 J=1,79
IF(NOINT(J).EO.O) GO Tfl 4
K--NOINT (J)
OMGABD(K )=0.

RETURN
END
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Subroutine ENERGY (INDRS)

Called by. -- RKII, INITIL.

Calls. -- RANO.

Function. -- This routine performs computations needed once each complete

integration step.

Comments -- Certain items used in the environment integration cannot be com-

puted every time the derivatives are evaluated (at least four times each integration

step).

a.

b.

C.

These include:

CMG gimbal limit detection

Star tracker noise computation

Peak power detection.

All gimbals _re checked for limit crossings.

status, the argument INDRS is set to one.

If any gimbals change their limit
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$1BFTC SIB LIST

SUBROUTINE ENERGY(INDRS)

COMMONIRKYVIOMEGAB(3}tBETAD(3),ALPHAD{3),BETA(3),ALPHA(3)tPHI,

1 THETA,PSItTLOADB(3)_TLOADA(3),EMB(3)_EMA(3),EFB{3),EFA(3),HEXT(3)

2 tENRGYB(3),ENRGYA(3),HORIZ(2),NOISE(t+),STVI(4),STV2(4),STV:_(4),

3 STV3P{ 4) ,STV5 (4) ,SQTI (6) t QTB (4)

REAL Norse

EQUIVALFNCE( OMEGAX,OMEGAB{ [ ) ) , (OMEGAY, OUEGAB (2) ) , (OMEGA/, OME.C,AR

I (3))

COMMON/RKYDV/ONGABD (3) • BFTADD (3), ALPHDD(3) ,_RBETA (3 ) _r_RALP

1 PHIDtTHETAD_PSID,TLDDB{3) tTLDDA(3),EMBDflT(3),PMADOT(_),EF

2 EFADOTI3),HEXTDI3),ENRGBD{3),ENRGAD(3)tHORIZD(?),NnISED(4

3 STVID(4)_STV2D(4),STV3D(4),STV_PD(4),STVSD(4),SOTID(4)tOT

REAL NOISED

EOUIVALENCE( DMGAXDt OMGABD(t) ), (OMGAYD, OMGABD (2) ), {OMGAZD,(3

1 (3)1

COMMON/RKC/U(79) ,UMIN(7g), DTIeIN,DTESTt DELTAT,NDFIUBL, NINT, T

I NOINT(?9)

COMMONICSERVD/BINPUT{ 3) tAINPUT(3 ),K2BETA,K2AI.PH,TAUDBE, TAU

] KBFTAtKALPHtKSFBE_KSFALtTAUNBEtTAUNAL_TAUBF,TAUAL,EI_IMBF.,

2 KTBE,KTALtKBBETA_KBALPHtTAtJMBE,TAUMAL_TFBETA,TFALPH,BI IMI

3 ,GRBETA tGRALPH

REAL K2BETA,K2ALPH,KBETAtKALPHtKSFBE,KSFAL,KTr_FtKTAL,KB_;T

COMIWON/POWER/PMAXB(3) ,PMAXA (3) ,DTL I ST( 300 ) ,KDT

COMMON/FLOTIN/ZLATE(15),EULRDC(3I,EHLRC(3),TMAN,AGOMGA{_)

I FBSELtUPDATE_NGAINtLAW,MODCOMtLiMiG(3)tLIMDC,(3)

INTEGER FBSELt UPDATE

COMMONISENSORIESTAR|2)_ASTARI2I,TAUWNG_TAUI,TAtJ?N_TAUPDtTAU3Ne

[ TAU3Dt TAU3NP• TAU3DP, TAU5, STKT, STG2,STG!, STAL, STKM, STKV,ST TF, STKR,

2 JINRT(4)tETA(2ItTAUHRZtGHORI/tDFLW(3) tSTBIAS(4)ySTSIG,

3 SXI (2) t SYI {2 |, S/I(2), SX(2) _SY(2), $7_{2 ) ,ELBCIRF_ (_) ,A/BORE( 2 ), QST(4)

4 ,WNGI4)_HRZACT(2)

REAL JINRT

DATA XGI03777777777771

KDT=KDT+I

IF(KDT.LE.3OO)DTLIST(KDT)=DELTAT

DO 13 J=I,3

POWR=ABS(ENRGBD(J))

H{3),

BDRT(3),

),

BD{4)

MGAq_

,TRFTRN,

DAL,

FLImAL_

T,ALIMIT

A,K_ALPH
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13

3

2

6

4

7

II

c)

8

13

I0

15

16

17

18

14

I F (PNWR.GT. PMAXB (J) )PMAXB{ J) =PF)WR

POWR=ABS (ENRGAD (J))

IF(POWR.GT.PMAXA(J) )PMAXA{J)=POWR

INDRS=O

DO I0 J=l,3

IF(L IMIG(J) ) 1,2,3

IF{BETA(J).LE.-BLIMIT) GO TN 4

LIMIG(J)=O.

INr)RS=I

GO TO 2

IF (P.ETA{ J)-BL IMIT) 5,4,4

IF{ABS(BETA(J}).LE.BLIMIT)GO TO 4

INDRS=I

IF(RFTAIJ).GT.O.)GO TO 6

LIMIGIJ}=-I

GO TO 4

LIMIG(J)=I

IF(LIMOG(J))7,B,q

IF(ALPHA(J).LE.-ALIMIT)GN Tn I0

LIMOG(J)=O.

INDRS=I

GO TO 8

IF (ALPHA {J)-AL IMIT) II, I0, lO

IFtABS(ALPHA(J)).LE.ALIMIT)GN TO lO

INDRS=I

IF(ALPHA(J).GT.O.)GO TO 12

LIMOG(J )=-I

GO TO I0

L IMDG (J)=l

CDNTINUE

GO TO (14,15,16,14,14,14,14),MODE

NDUM=3

GO TO 17

NDUM=4

DO 18 J=I,Nf)UM

CALL RANO(STSIG,STBIAS(J),XGtWNG(J))

NOI SED(J )=(WNG {J )-NO ISE (J))/TAUWNG

RETURN
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END
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Subroutine ST ORE (INDEX)

Called by. -- MAIN, INITIL.

Function. -- Stores the sensed variable(s) corresponding to the event time spec-

ified in the argument, INDEX, in the control computer input buffer.
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$IBFTC SI9 LIST
SUBROUTINE STORE( INDEX}
COMMON/RKYV/OMEGAR{ 3) _BETAD(3 ) t ALPHAD(3) ,I_ETA(3) _,ALPHA (3) t PHI

I THETA_PSI_ TLOADR(3I _TLOADA(3 }, EMB(3) t EMA(3) vEF_ (3) _F.FA (3) tHEXTI 3)
2 tENRGYB(3)_ENRGYA(3}tHORIZ(2)I, NOISE(6)tSTV1 (6)_STV2IA)tSTV3(4)
3 STV3P(4) eSTV5(4) t SOTI (6) _C)TB (4|

REAL NOISE
EQUIVALENCE{ OMEGAXeOMEGAB( 1 ))_(OMEGAYt [IMEGAB {2 ))• (OMEGAZt OMEGAB

I 13) )
COMMON/CONSTS/RTDDEGt DEGTORt RE_ MU_ PIE_ WO {I0) tVFOt F IXWO( I0 ) _WEARTH
REAL MU

COMMON/IOCONT/ZREAL (I5) tNUMB.F_R( 15 )tNORDER (15 )_TEVENT (15 )_TMATCH,

I NEVENT_EVENTT(IS)tTCYCLEtNCOSTI_NMANIgNPRINT_NPRCTL,TENI)tLNECNT

COMMDN/FLDTIN/ZLATE (I5 ), EULRDC (3) ,EULRC (3) ,TMAN, AGOMGA (3), M{IDE,

I FBSELtUPDATEtNGAIN_LAW_MODCDM, LIMIG(3),LIMOG(3)

INTEGER FBSEL_ UPDATE

COMMON/SENSORIESTAR (? }• ASTAR (2) tTAUWNG ,TAUI tTAU2N, TAItPD,TAU3N t

I TAU3Dt TAU3NPt TAU3DPt TAU5t STKT_ STG2tSTG3 _STAL tSTKM_ STKV,ST TF tSTKRt

2 JINRT(4)_ETA(2)tTAUHRZ_GHORIZ_DFLW(3) tSTRIAS(4),STSIG,
3 SXI(2)_SYI(2)_SZI(2),SX(2)tSY(2),SZ(2),FLBF)RE(?),A/_FIRE(?),QST(4)

4 _WNG(6) _HRZACT(?)
REAL JINRT

DO 1 J=1,3
ZREAL (J) =OMEGAB(J )+DELW(J)

ZREAL I J+9 )=BETA { J )

1 ZREAL ( J+I2)=ALPHA (J)
DO 2 J=l_2
ZREAL (J+3)=QTB( J )

ZREAL ( J+5 )=QTB (J+2)
ZREAL (J+7 )=HORIZ (J }+ETA(J}

DO _ J=|t6
IFIABS(ZREAL(J+g)).LE.PIE)GD Tn 3

DUMMY= ABS(ZREAL(J+9) )/PIE

IDUM=DUMMY

IDUM= ({IDUM+I) 12 }_2

DUMMY= IDUM

ZREALIJ+q}=/REAL(J÷g)-SIGN(DUMMY,ZREAL (J+q)}*PIE

CONTINUE

2

3
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4.

S

DO 4. J=I_4
IF(ABS(ZREAL(J+3))oLE.PIE) GO TO 4.

DUMMY=AP, SIZREAL! J+3) )/PIE

I DUM= DUMMY

IDUM= ( ( IDUM÷ l) 12)'2

DUMMY = IDUM

ZREAL (J÷3)=/REAL(J÷3)-SIGN (DUMMY, ZREAL (J+3)) *P IE

C ONT INUE

IF ( INDEX .EQ. |)NL_WER=I
NUPPER-NLOWER+NUMBER( INDEX)-l

DO 5 K=NLOWER t NUPPER

I--NOR DER ( K )

ZLATE ( I)=ZREAL (I)

NLOWER--NUPPER+I
RETURN

END
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Subroutine FANDG

Called by. -- INITIL; Optionally, MANUAL.

Function. -- Computes coefficients fi and gi of the power series for position
and velocity.

Comments. -- The f and g series are discussed in Volume I.
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$1BFTC $20 LIST

SUBROUTINE FANDG

C THIS ROUTINE SIMULATES GROUND TRANSMISSID

CDMMON/RKC/U (79) •UMIN(79) tDTMINtDTEST•

I NOINT{79)

COMMON/PVDATA/PO_(3) ,VEt_('_ ) •POSO ( 3| IVE

[ MEANAO•FVECT|3)_CETAO•SETAO•PVCON(6)•

REAL MEANA _MEANAO

COMMON/CONSTS/RTODEG, DEGTORtRE• MU, P IE•

REAL MU

COMMON/IOCONT/ZREAL (15 )•NUMRER ( ]5 ) •NOR

I NEVENT•EVENTT(I5)tTCYCLEtNCOSTI•NMANI

COMMDNIFLOTSCIFLNMT, FLNM6 tFLNM5 •FLNM4t

CFLNPt tFLNP2t FLNP3tFLNP4tFLNPfiIFLNP6 _FL

C FtNMtl • FLNM[O •FLNM8 _FLNPI 2 _F2NM25• F2N

C FL2NPO• FL2NPI

COMMON/OUANT/NBIN(25) •NBOUT( I6} •NFXPNT

N OF NAVIGATION UPDATE INFI1

DELTAT tNDOtlBL, N/NT, T, TRETRN,

LO(3)tECCFNTpENOW•MEANA•

PTARGT(_)

WO(IO),VFO,FIXWF}(IO) ,WF_ARTH

r}ER(IS) tTEVENT(15),TMATCH•

•NPRINT •NPRCTLt TFNP• I_NECNT

FLNM'_ tFLN_2• FLNM] tFLNPO•

NP7•FLNPB_FLNPq•

MI 5 •F2NM IO tFL?NM2 _FL 2NM !,

COMMON/EXPIV/ACDBLtACDOT• ADSAVE •El)SAC • Ct')SWT• ZOUEGA ( 3 } •

COMEGAE{3)•RO(3) ,S•SDOT•SDUM•SINAC,SINWT, SPRIME,SREL('_) tSSO_ TANAC t

CV| _) •VC (3) •VDOUB f3) •WE •WE2 •WE_ •WE4

COMMONITVECT IDELT,H ,T I ME (IO) ,NPASS, NSL OW t XNSLOW

CDMMON/NAV/F(IO)•FDOT•FDUM(IO)•FTOT•G(IO}•GDOT,GI_UM(IO),3TF)T,p|3} •

CPO{_)•PDOT(3),PDOTO(3)

INTEGER NPO(9 ),NPDOTO(3) ,FiXF(IO) ,FI XG (iO) ,F iXT tF iXOT tFPTGT(3 )

FOUIVALENCE (NPO(1),PO(I)),(NPDOTO(I), pnF)TO(1)),{FIXF(I)•F(I)),

1 (FIXG(I)•G{I))•{FIXT•TIME(1))• (FIXDT,DELT)•(FPTGT(I)•qr)|I))

DUMI=WEARTH_T

DUM2=SIN{DUMI)

DUM3=COS(DUMI)

ROfl)=PTARGT(I)oDUM3÷PTARGT(3)_DUM2

RO(2)=PTARGT(?)

RO(_)=PTARGT(3)oDUM_-PTARCT(I)*DUM2

DELT=TCYCLE*XNSLnW

TIME(t)=-DELT

DUMI=O°

DUM2=O.

DUM3=O.

DO I J=I,3
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PO(J) =POS(J)
DUMI=DUMI+POS ( J )*VEL (J)

DUM2=DUM2+POS (J) *POS(J )

DUM3=DUM3+VEL ( J)*VEL (J)

PDDTO (J)=VEL (J)

[)UM ]I.=DUM I I (RE*VEO )

DUM?=DUM21(RE*RE)

DUM4= SQRT ( DUN 2 )

DUM3=DUM3/(VEOmVFO) -1,/FJUM4

ZU=I./(DUM2*DUM4)

Z S=DUMI II')UM2

ZE=DUM3/DUM2

F(I]=O.

F{ 2 )=-ZU

F(3)=3.eZS*ZU

F ( 4}= (- XS.*ZS*e2*ZU+_.*ZE*ZU+ZU**2)

F ( 5 ) =lO5.*ZS**3*/U÷/S*ZUe(-45,*ZF-I5.* ZU)

F(6 ]=-945.*ZS**4*ZU+ZSe*2*ZU* (630.*ZF+21 O.*ZU) +ZE*ZU* (-24.* 7U-45.*

t ZE }-ZU**3

F [ 7)=ZS**3*ZU* | tO_gS**ZS**2-g450.*ZF-3 150. *ZU) +ZS* ( 7_*ZU* ( 882. *

I ZU÷1575.*Z E ) +63. *ZU**3)

F(8)=ZS**4='ZU*(-135135.*ZS**2+].55925.*Z[:+SI975.*ZU)+TS**?*{ ?E*7U*

| (-24570o*Zt)-k2575.*ZE)-2205.*TU**3)+ZE*TU*(llT.*ZU**2+1575**ZF**2

2 +I I07.*ZE*ZU) +ZU**4

F [ q)=ZS**5*ZU* ( 2027025° FO*ZS**2-2837R_ 5. EO*ZE-g4594 S.*7)t) +Z S**_*

I (ZE*ZUe(6444go.*zU+IOg1475.EO*TE)+6583_.*ZU**3)+ZS*ITF*ZIJ_r

? {-lO935.*ZU**2-gg?25.*ZE**2-74385.*ZE*71J)-?SS.*ZU**4)

F ( 101 =ZS**6eZU* [-34459425. EO*Z S*-2+567 567. E2*ZE+lSq 18q. _2- ZU) +

l ZS**4* [ ZE*ZIJ* (- 170270l. FI -7U-2 837835. El *ZE )-18q| R9. _]* 7U*-3 ) ÷

2 ZS*e2*(ZEmZU'{Sggg40.eZU**2+436_g. E2*/E**2+342144. El*ZE*7-1-!)+

3 21|20.*ZU**4)+ZE*ZLI*(-498.*TU**3-gg225.*ZE**3+lF*TU*(-_4]O.'TF

4 -15066.*ZU) )-ZU**5

G(I}=I.

G[21=O.

GI3)=-ZU

G[4)=6.eZS-ZU

G(5 1=ZU* [-45.*ZS**2+9. *ZF+ZU)

G[ 6 )=ZS*ZU* [420.*ZS*-2-180.* ZE- 30.* ZU)
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4

5

G ( 7 ) = ZS** 2*Z U* 1-4725 ° * ZS**2 +3150. * Z E+6 30. * ZU ) + ZE *ZLJ* ( -54. * Z U-2 ?5. *

I ZE)-ZU**3
G( 8 )=ZS**3*ZU*(6?-370.*ZS**2-SG70ft-*ZF- ] 2600.'7tj) ÷ZS*( 7E*_t;* ('_024.*

1 ZU+q450.*ZE)+I26,*ZU**3)
GIg) =ZS**4*ZU*l-q45q45-*Z5**2+lOq1475- EO*ZE+?Sq875.*ZU) +7 S**?* (

I ZE*ZU*(-IIISIO°*ZU-297675.*ZE)-6615-*ZU**3)+ZE*ZU*I243-*ZU**-?-+

2 ] ]025.*ZE**2+4131.*ZE*ZU ) +ZU**4
G (lO) =ZS**S*ZU* ( 162162 .E2*ZS**2-227026 8. El*ZE-567567-El*TU )+ZS**3*

I {ZE.ZU. I361746oFI.ZU+87318. F2.ZE)+?_6334r!o.ZLI**_)+ZS*(7_*TU*(

2 -35100°*ZU*e2-793800°*ZEe*2-371790o*ZEeZtJ)-510-*ZU**4}

]FINFXPNT°NE.O)GO TO 3

DO 2 J=2,10

F(J)=WO( J)*F(J)

G( J )=NO(J-1 )*G(J)

RETURN

FIXDT=F2NMIO*DELT
FIXT=-FIXDT

DO 4 J=2,10
FIXF(J) =F (J)*F I XWO(J) *FL2NPO

F IXG( J)=G( J)*F I XWO( J-I)*FL2NPO

FIXG( 1 )=G( I)*FL 2NMI

DO 5 J=l,3
NPO (J)=PO (J)*F?_NM25

NPDOTO(J } =PDOTO (J)*F2NMI5

FPTGT (J)=RO( J )*F2NM25

RETURN

END
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Subroutine UPDAT3

Called by. -- INITIL; Optionally, MANUAL.

Function. -- Computes phase angle, _7, used for transforming orbital rate to body

commands O_xc, O_yc .
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$TBFTC $21 LIST

SUBROUT TNE UPDAT3

C UPDATE FOR EXPERIMENT THREE
COMMON/RKYV/OMEGAB(3) _BETAD(3)tALPHAD(3) tBETA(_) tALPHA(_)_ PHI•

I THETA_PSItTLOADP,(3}tTLOADA(3)tE_B(3)_E_A{3)t EFB(3)tEFA(3) •HEXT(3)

2 •ENRGYR(3)vENRGYA(3]tHORIZ(_]tNnTSE{4}_STV1 (4) tSTV2(4)tSTV3(4) t

3 STV'_P(4) t STV5(4) _SOTI [4) t OTB [4)

REAL NOISE

EOUIV ALENCE( DMEGAX_OMEGAB (I) } • {O_EGAY• OMEGAS,

I (31)
COMMON/S INCO/SINB (3 )_ SINA {3) t S INPHI •ST NTHF, S

I COSPHI•COSTHEtCOSPSI_SINRSO(3)tSINASO(3)_CO

2 DIRCO(3y3)

COMMONIPVDATA/POS(_)•VEL{3),POSO(3)_VELO(3),

I MEANAOtFVECT(_)vCETAOtSETAO,PVCf)N(4)_PTARGT

REAL MEANAt MEANAO

COMMON/FLOTSC/FLNM7, FLNM6•FLNMS,FLNM4T FLN_3

CFLNPI tFLNP2•FLNP3 tFLNP4_FLNP5 tFLNP6_FL NP7 tFL

C FLNMtI• FLNMIOt FLNMBt FLNPI 2t F2NM25_ F2NM151, F2

C FL2NPO_ FL2NPI

COMMON/OUANT/NBIN(25},NBOUT( 16},NFXPNT

COMMON/FIXOUT/BDDTC(3)tADDTCI3)tAC_ED(3)•EP(3) tWC(3),NJET(3)

CDMMON/EXP3VIANGI E_COSDUMtCOSLtCnSLRtCOSTH_DELANG,DE!X,DELY_gEI l,

CDBLPItETADOT_KC•PREV_PSP|3)tR•SINDUM_SINLtSINLR•SIN?LRtSINTHt

CSPX( 2 } _SPY(2 ), SPZ (2) _ SIXGt SI/G_ S2ZG, WRAR_Z_ZEXI,

CZEY I _ ZEZ I •EPZDOT
EQUIVALENCE (NANGLE_ANGLE) _ (NPREVtPREV)• (NETADT_ETAOF1T)

I (NDANG, DELANG)

DIMENSION VMOD{3)

EP{3)=O.

DIIM[=O.

DUM2=O.

DO I J=l•3

DUMI=DUMI+POS (J )*VEt (J }

DUM2=DUM2+PDS (J)*POS (J)

DUMI =DUMI IDLIM2

DUM2=O.

DUM_3=O.

(2)) • (OMFC, AT_.,_EGAB.

INPSI ,cns_ (_) ,COSA(3 )

SBSO ( 31 ,CF)SAS_ {_ )•

FCCENT, ENOW,_EANA,

('_)

FLN."?_FI NUI_FI_NPO_

NPO_FLNPg_

NMIO_ FL 2NM2_FL 2NM [
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2

3

DO 2 J=1,3
VMODfJ)=VEL(J)-DUMI*POS(J)
DUM2=DUM2-VMOD(J)*DIRCnfJ,t)
DUM3=DUM3+VMOD(J)eDIRCO(Jt2)
ANGLE=ATAN2|DUM3_DUM2)
TF(NFXPNToNE.O) _0 TO 3
ANGLE=ANGLE-DELANG
PREV=ONEGAZ-ETADOT
RETURN
NANGLE=ANGLEeFL2NM2
NPREV=IFZX(OMEGAZ*FLNPS)-NETADT
NANGLE=NANGLE-NOANG
RETURN
END
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Function COST (XXXX, YYYY, J)

Called by. -- COMP.

Function. -- Iterative control law cost function.

Comments. -- Figure 3-17 is the math flow of this subroutine. It is anticipated

that the user may wish to alter this routine. To easily make these changes, the sub-

routine is programmed in floating-point FORTRAN.

The listing commentary supplies details..

fc =

ENTER)

< _HOLD< I_>/_ HOL D

• <0

'_>0

LARGE POSITIVE NUMBER I
I

( R ET_U R" )

_r

I fc = KCF] (IRoG I

( RET URN)

fc (RoG, RIG, i)

WHERE ROG IS THE CANDIDATE OUTER GIMBA/ RATE

RIG IS THE CANDIDATE INNER GIMBAL RATE

i IS THE GYRO NUMBER

f IS THE GYRO COST
c

+ KCF2I RIGI + KCF31H i" ROG RIG cos t_ i'l)

Figure 3-17. Control Computer Math Flow Cost Function Subroutine
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$1BFTC $22 LIST

FUNCTION COST(XXXX•YYYY•J]

C

Ce,ee THIS ROUTINE REPRESENTS THE COST FUNCTIfIN FOR THE ITERATIVE

C CONTROL LAW. TO EASE THE PRf]GRAMMING TASK INVOLVED IN-CHANGING

C THIS FUNCTION• IT IS WRITTEN IN FLOATING POINT FORTRAN,FOR BOTH

C FLOATING AND FIXED POINT CONTROL COMPUTERS.

C

COMMON/RKYV/OMEGAB(3)•BETAD(3)•ALPHAD(3)•BETA(3),ALPHA(3)_ PHI•

I THETA•PSItTLOADB(3),TLDADA(3ItEMB(3)•EMA(3)•EFB(3),EFA(!) •HEXT(_)

2 •ENRGYB(3)•ENRGYA(3)•HORIZ(2)tNOISE(4]•STVl(4),STV2(4),STV3(4),

3 STV3PI4),STVS(4)•SQTI(4),QTB(4)

REAL NOISE

EQUIVALENCE(OMEGAX_OMEGAB([) ) , (OMEGAY, OMFGAB (2)) , (OMEGA/-,OMEGAB

l [3}t

COMMDN/S INCO/S INB (3) • SINA (3) •SI NPHI ,SI NTHF, S INPSI ,COS_ [_), COSA( 3 ),

I COSPHI,COSTHE,CrISPSI,SINBSOI3),SINASQI3),COSBSQI]),CnSASOll),

2 DIRCO(],3}

COMMON/I OCONTIZREAL (15) •NUMBER ( 15 ), NflRDER (15}, TEVFNT (15), TMATCH,

I NEVENT,FVENTT(IS)vTCYCLE,NCOSTI,NMANItNPRINT,NPRCTLtTENF), LNECNT

CDMMON/FLOT IN/ZLATE (I 5), FULRDC 13 ) ,EULRC ( _), TMAN, AGFI_GA (3}, MODE,

I FBSEL,UPDATE•NGAIN•LAW•MODCOM,LIMIG(_)•LIMOG(_)

INTEGER FBSELtUPDATE

COMMON/FLOTSC/FLNMT_FLNM6,FLNM5,FLNM4, FLNM3,FLNM2,FLNMI ,FLHPr),

CFLNP t _FLNP2, FLNP_ •FLNP4 •FLNP5 •FL NP6 •FL NP 7, FL NPR, FLN P9,

C FLNMi i, FLNNiO •F|-NMB• FLNPI2, F2NM25, F2NMI 5, F2NM!,n-, FL2N_2 _FL 2NMI,

C FL2NPO, FL2NPI

COMMON/M( SCEL/FS, DBLFS,N ,NH, MDLAS T, HALFFS

INTEGER FS, DBLFS•HALFFS

COMMON/OUANT/NBIN (25) •NBOUT (16) ,NFXPNT

COMMON/CONTL 2/DEI.A(3) ,DEL8 (3) ,DOT( ( _), DOT2 (__),DOT3 (_) ,DUMI ,DUM2,

CKSAVE ,MAGASQ (3 ], MAGBSQ(3) ,TREM( _ ) ,TRQPRr) (_), UNITVH(__, 3)

C ,BHOLD, RSELFDt BDOTDS •MBMAX

REAL KSAVE•MAGASO•MAGBSQ

EQUIVALENCE (ARATE,NARATE),(BRATE,NBRATF),(XCOST,NCOST)

DIMENSION CFK(3)

DATA CFK /.01611.•I. /

NAMELIST/COSTK/ CFK
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O7

C

C

C

C

C
C

C

C

C

C

C 141, 4I.t

C

C

C

C
C

C

C
C

C

C

C

C

C
C

C

C

ARATF=XXXX
BRATE=YYYY
]FINFXPNT.EO.O)GO TO 97
ARATE=FLOAT(NARATE)IFLNP2

BRATE=FLOAT(NBRATF)/FLNP2
IFINCOSTI.EO.O)GO TO t
NCOST]=O

THF NEXT SECTION ITHRU STATEMENT l) IS EXECUTED ON FIRST PASS

THRU THIS ROUTINE lEACH RUN). USE THIS SECTION TO RFAD ANY
NEEDED DATA.

READ( 5, C OSTK )

WRITE (6, COSTK )

END OF SINGLE PASS SECTION

THE NEXT SECTION IS THE COST FUNCTION. CONSIDER THESE GIIIDELIN[S.

i. THE FIRST STATEMENT IS GIVEN THE STATFMFNT NUMBER I

2. THERE SHOULD BE A STATEMENT OF THE F[IRM,

XC{]ST : EXPRESSION , WHERE EXPRESSIflN INVOLVFS THE

PSEUDO-ARGUMENTS (ARATE, BRATE,J)
AND ANY DTHFR ^PPROPPIATE

VARIABLES AND CONSTANTS.

3. TO SCALE THE COST FUNCTION_ BE AWARE THAT

ARATE AND BRATE HAVE A MAXIMUM ABSOLUTE VALUE OF

.25 R AD./SEC.

XCOST MUST RANGE FROM O. TO 1.
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C
!

?

C

C

C_-w.

C
C

98

O9

IF(IABS(BETAIJ))'LT-BHOLD).OR.(BRATE.EQ.O.).OR.(BRATE.GT.0..AND.

X BETA(J)-LT-O-)oORo(BRATE. LT.Oo. ANO.BETA(J).GT.O.))GO TO 2
XCOST=IO0o

GO TO 98

XCOST=CFK(1)_(ABS(ARATE)÷CFK(2)tABS(BRATE)÷CFK(3)eABS{AGOMGA(j)e
X CDSB(J)*ARATEmBRATE))

END OF COST FUNCTION

IF(NFXPNT.EO.O)GO TO 99
TF(XCOST.GT.I.)XCOST=I.
NCOST=XCOSTuFLNPO

IF(NCOST.GE.FS)NCOST=FS-!
COST=XCOST

RETURN

END
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Subroutine SINCC (Y, SINY)

Entry points. -- SINCC, COSCC.

Called by. -- COMP.

Function. -- Fixed point sin/cos utility routine.

Comments. -- Uses polynomial approximation

2 4 + Cscy6)y,siny = (1 + ascY + bscY 2

and the trig. identity, cos y = sin (Tr/2 4-y).

Scaling:

a = -0.166656, -a
SC SC

b = 0.0083119, b
SC SC

= -0.000184882, -c
SC

C
SC

argument Y = angle, i Y]

argument SINY = sin(y) or cos(y), ISINY I

<_

_<

_<

_<

_<

-2
2

-6
2

-12
2

9

2 _

20
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$IBFTC $23 LEST

SURROUTINE SINCC(YtSINY)
C

C SINE AND COSINE SUBROUTINE
C

9

I

2

3

5

CDMMONINPSCAL/NMT_NM6tNMStNM4,NM3tNM2,NMItNPO,NPI,NP2,NP_NP4,NPS,

CNP6,NPT,NP8_NP9

COMMONIMISCEL/FS,DBLFS_N ,NH,MDLAST,HALFFS

INTEGER FS,DBLFS, HALFFS

COMMON/S INCOS/ASC t B,C,HALFP I, P !,HAFP!

INTEGER ASCt B,Ct HALFPI, Pl tHAFPI

INTEGER X_YtSINYtX2tX4tX6tZ
X = Y

GO TO 9

_NTRY COSCC(YeSINY)

IF{Y.LT.O)X = Y+HAFP!
[F(Y.GEoO)X = HAFPI -Y

NEG = 0

IF(Xlt,2,2
X=-X

NEG=-!

iF(X-PII3t3_4

[F(X.GT.HAFPl)X=PT-X
GO TO 5

NEG = NFG+I

X=X-PI

X2 =(X**2)/NM2

X4 =(X2**2)/NM1

X6 =(X4eX2)/NMI

Z =((FS+(ASC*X2)/NPO + (A*X4)/NP3 + (C*×6)/NPS)*X)/NN2

IF(NEG)6,7_6
6 SINY =-Z

GO TO 8

7 SINY = Z

8 RETURN
END
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Subroutine CCATAN (ANGT, NUM, DEN)

Called by. --COMP.

Function. -Fixed point arc tangent utility routine.

Comments. -Uses polynomial approximation

arc tan x = {[(dx 2+c)x2+bjx 2+a} x, ,x]<l

Scaling:

a = 0. 999215, a _< 20

b = -0. 3211819, -b _< 2 -1

-2
c = 0.1462766, c -< 2

-4
d = -0.0389929, -d _< 2

, - 20argument NUM _UM I <

, - 20argument DEN _DEN[ <

22
argument ANGT = arc tan \_} , _ANGTI <
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$1MFTC $24 LIST

SUBROUTINE CCATAN|ANGT,NUM,DFN)

ARC TANGENT SUBRnUTINE

44

47

45

48

COMMON/NPSCAL/NMT_NM6_NM5, NM4_NM3,NM2_NMI,NPO,NPI_NP2_NP_,NP4_NPS,

CNP6,NPT_NP8,NPg

COMMON/MISCEEIES,DBLFS,N ,NH,MDLAST,HALFFS

INTEGER FS_DBLFS,HALFFS

COMMON/SINCOS/ASC,BtC,HALFPItPI,HAFPI

INTEGER ASC,B,C,HALFPI,RI,HAFPl

COMMON/ATANC/AAT,BAT,CATtDAT,OUARPI

INTEGER AAT,BAT,CATIDATtQUARPl

INTEGER ANGT,DEN,TAN,ATAN_TAN2

IF(IABS(NUM)-IABS(DEN))45,46,47

J=i

TAN ={NUM*NPO)/D_N

GO TO 48

J=_

TAN =(DENeNPO)/NIJM

GO TO 48

J=2

ATAN = QUARPI

IF(NUM.LT.O)ATAN=-ATAN

!F!DEN.LT.O)_T_N=-ATAN

GO TO 4Q

TAN2 ={TAN_2)/NPO

ATAN = (|((({(DATmTAN2)/NP2 ÷ CAT)_TAN2)/NPl + BAT)eTAN2)/NPI ÷

CAAT)_TAN)/NPO

4g IF(NUM)50,50,51

50 IF(DEN)5?,5?,53

52 IF{J-I)55,54,55

54 ANGT= |-HALFPl/2 - ATAN/4)

RETURN

55 ANGT= (-PI + ATAN/4)

RETURN

4] IF{J-3)56,54,5&

56 ANGT= ATAN/4
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RETURN

51 IF(DEN)57t57_58

57 IF|J-3)_gt60t59

59 ANGT= (P! + ATAN/4)

RETURN

60 ANGT= (HALFP]/2 - ATAN/4)

RETURN

58 IFtJ-3)56t60_56

END
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Subroutine CCASIN (ANG, SINANG)

Called by. --C OMP.

Calls. -SQRTCC.

Function. -Fixed point arc sin utility routine.

Comments.-Uses approximation

arc sinx=-E _ {[(dx+c)x+b_x+a}2

for O< x_ 1

Scaling:

a = 1.5707288, a _ 21

-2
b = -0.2121144, -b _< 2

-3
c = 0.0742610, c < 2

-5
d = -0.0187293, -d _< 2

, - 21argument ANG = arc sin (SINANG) IANG I <

argument SINANG, ISINANGI < 20
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$1BFTC $25 LIST

SUBROUTINE CCASIN(ANGtSINANG)

C

C

C

ARC SINE SUBROUTINE

36

37

38
39

COMMON/NPSCAL/NMTtNM6tNMS_NM6tNM3,NM2_NMItNPOtNPI_NP2yNP3,NP4_NPSt

CNP6vNPTvNPBtNP9
COMMDN/MISCEL/FS,DBLFS_N ,NH,MDLAST,HALFFS

INTEGER FS,DBLFStHALFFS

COMMON/SINCOS/ASC_BtCtHALFPI_PI_HAFPI

INTEGER ASC_B_CgHALFPltPItHAFPl

COMMDN/ASINCTAAStBAS_CAStDAS

INTEGER AASt_ASt_AS,DAS

INTEGER ANGtSINANGtXAS

INTEGER SQRTCC

IF(SINANG}36_37t_8
XAS = -SINANG

GO TO 3q

ANG = 0

RETURN

XAS = SINANG
MIDTM! = (((((DAS*XAS)/NP2÷CAS)wXAS)/NPI+BAS)*XAS)/NP3+&A$

ANG = HALFPl - (SQRTCC(FS-XAS) * MIDTMI}/NPO

iF(SINANG.LT.O)ANG=-ANG

RETURN

END
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Function SQRTCC (X)

Called by. -COMP, CCASIN.

Function. -Fixed point square root routine.

Comments.-Uses three iterations of

= (v_) x
(v'x-)rt _ r_-i + 2(v_-)

r_-i

Scaling. -

argument X,

SQRTCC =_¢_",

0<X< 2k

k

0 g SQRTCC _< 2_-

k even
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$1BFTC $26 LIST

INTEGER FUNCTION SQRTCC(X)

C

C

C

SQUARE ROOT FUNCTION

COMMON/NPSCAL/NMT_NM6tNMStNM4tNM3tNM2,NMI_NPO,NP],NP2tNP3, NP4,NP5,

CNP61NP7,NP81, NPg

COMMONIMISCEL/FS, DBLFS,N

INTEGER FSt DRLFS, HALFFS

INTEGER X,Z,TRY

IF(X. GT.O) GO TO t

SQRTCC=O

RETURN

K=t

Z=X

TRY=Z*4

IF{TRY.GT.FS)GO TO 3

Z=TRY

K=2_K

GO TO 2

TRY=HALFFS+Z/2

DO 4 J=It3

TRY=TRY/2+(Z*NMI )/TRY

SORTCC=TRY/K

RETURN

END

tNH,MDLAST,HALFFS
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Function DMULT(X ,Y)

Called by. -COMP

Function. -Returns double precision product of two double precision numbers.

Comments. -If x is double precision < 2kx and y is double precision _<2ky

and, X = 2 n A + B

Y =2nc +D

where A,B,C,D are FORTRAN integers< 2n,

then the desired product is XY/22n for a product maximum value of 2kx +ky.

XY 22n AC + 2n(AD + BC) + BD
Note that

22n 22n

or as programmed

4o
(AD + BC) BD_XY _ AC + +

22n 2n

Summary. -

argument =

argument =

DMULT =

X, double precision,

Y, double precision,

XY, double precision,

Ix ] < 2kx

k_.
lYl <23

Txyl < 2kx+ky
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$I BFTC $27 LIST

INTEGER FUNCTION DMULT(XtY)
C

C DOUBLE PRECISION MULTIPLY FUNCTION
C

COMMON/NPSCAL/NMT•NM6•NM5•NM4• N_3•NM2• N_I, NPOtNPI _NP2, NP3• NP4•NPS•
CNP6•NP7,NP8 tNP9

COMMON/M ISCELIFS_DBLFS• N •NH_ MDLAS T_ HALFFS

INTEGER FStDBLFS•HALFFS

INTEGER X,Y,MSX•LSXtMSY•LSY
IF {X.GT.DBLFS) X=DBLFS

MSX=XINPO

LSX=X-MSX*NPO

IF (Y. GT.DBLFS)Y=DBL FS

MSY=Y/NPO

L SY= Y-MS Y*NPO

DMULT=MSX*MSY÷ (MSX*LSY+LSX,MSY)/NPO
RETURN

FND
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Function QUOTNT (DBLNUM, SGLDEN)

Called by. --COMP.

Function. -Returns the double precision quotient of a double precision dividend and

a single precision divisor.

Comments. -Assume x, the double precision numerator, is represented by the

FORTRAN integer X = 2n A + B, and y is the single precision denominator represented

byY. LetQ =2 nC + D be the answer.

WhereA, B, C, D, Yare _ 2n

and A _ Y

X
then

since

O

- Q TRUNCATED = C +/Y 2n

D
_ <1
2n

= C

It remains to find D. Note that

or

Q.Y = CY +DY_ =X

2 n 2n

^n

D = (X - CY) z
Y

and

then

where

Summary. -..Compute:

X
C = --

Y

(X - CY) 2n
D

Y

QUOTNT = 2nc +D

Ix[ _< 2kx, IY] g 2ky' Iy[
2kx-b -
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$1BFTC $28 LIST
INTEGER FUNCTION OtJOTNT(DBLNUMtSGLDEN)

C
C DOUBLE PRECISION DIVIDED BY A SINGLE PRECISION NUMBER

C
C**-e DBLNUM _ 2**N N_ SGLDEN , 2**D --- OUOTNT , 2w*(N-D)

C

C

COMMON/NPSCAL/NMTtNM&tNMStNM4t NM3 _NM2 _NMI_ NPOv NP1 tNP? tNP_ tNP4_ NP5,

CNP6•NP7_NPS•NPq
COMMON/M ISCEL/FStDBLFS_N ,NHtMDLAS TtHALFFS

INTEGER FStDBLFS_HALFFS
INTEGER DBLNUMtSCLDEN

IF {TABS( DBLNUM ).C.T.DBLFS )DBLNUM=! SIGN| DBLFS, DBLNUM)

M S IG= DBL NUM /SC,LD FN
LSIG={ (DBLNUM-MSIG*SGLDEN)*NPO) ISGLDFN

OUOTNT=MSIGmNPO+LSIG

IF (IABS( MSIC,).GT.FS)OUOTNT=I SIGN (DBLFS ,t_SIG)

RETURN

END
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Subroutine AINVSE (A, AINV, DE TA, X, Y, NSYM)

Entry points. -AINVSE, SOLVEX.

Called by. -EVDER.

Function. -Computes X = [A]-IY, order 3.

Comments. -Arguments.

A = 3x 3matrix

-1
AINV = [A]

DETA = IA I

X = 3vector, _ X = [A]-I v
Y = 3 vector

NSYM = 1 if A symmetric
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$1BFTC

C

C

C
C

C

C

C

C

C

4

2

$29 LIST

SUBROUTINE AINVSE(AtAINV,DETA,X,Y,NSYM)

TO FIND B=A*e-I AND DET(A), WHERE A AND B ARE _X3 MATRICES,

CALL AINVSE(A,B,DETAtDUMMY_DUMMYtNSYM)

TO FIND X=IA**-I)*Y, B=A**-] AND DFT|A),IX AND Y ARF 3-VECTQRS),

CALL SOLVEX(A,B,DETAtXtY,NSYM)

IF A IS SYMMETRIC,NSYM=I OTHERWISE,NSYM=O

DIMENSION A(3,3),AINV(_,3),X(3),Y(])

NOSOL=I

GO TO I

ENTRY SOLVEX(A,AINV,DETA,X,Y,NSY M)

NOSOL=O

DETA=A(1,1)_A(2,2)*A(3t3)÷AIL,2)*A(_,I)*A(2,3)+A(I,3)*A(?,I)*

I Af3,2)-A(3,1)*A(2,2)*A(I,3)-A(I,I)*A(2,3)*A(3,2)-A(I,2)*A(2,1)*

2 A(3,3)
AINV(I,

AINV(2,

AINV(

AINV|
AINV!

I)=(A{2,2)*A(3,_)-A(2,_)*A(3,2) )/DETA

2)=(A(I,I)*A(3,3)-A(I,3)wA(3,1) )/DETA

3,3)=fA(L,I)*A(2t2)-A(

I_2)={A|i,3)tA(3,2)-A[

L,_)=(A(I,2)*A(2,_)-A(

AINV(2t3)=(A(I,3)oA(2,I)-A(

IF{NSYM.EQ.I)GO TO 3

AINV(2,1)=(Af_,|)*A(2t_)-A(
AINV{3,1)=|A{2,1)eA|3,2)-A{

AINV(3,2)=(A(3,Z)*A(I,2)-A{

IF(NOSDL.NE.O)RETURN

00 2 J=l,3

1,2)'A(2,1) )/DETA

1,2)*A(3,3) )IDFTA

2,2)*A(I,3) )/DETA
I,I|*A(2,_))IDETA

2,|)*A|3,3) )IDETA
2,2) mA(3,1) )IDETA

1,1)*A{3,2) )IDETA

X(J)=AINVtJ,I)*Y{I)+AINV(Jt2)*Y(2)+AINV(J,_)*Y(_)
RETURN

AINV(2,1}=AINV(I,2)

AINVI3,1)=AINV(I,3}
AINV(_,2)=AINV(2,_)

@0 TO 4
END
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Subroutine RANO (SIG, BIAS, XK, R)

Called by. -- ENERGY.

Function. -- Produces normally distributed random numbers.

Comments. -- This routine is written in MAP (IBSYS assembly language), and is

included for completeness only. It will be necessary to replace this routine with a

Langley Research Center utility routine.

Arguments-

SIG

BIAS

XK

R

= Standard deviation of distribution

= Mean value of distribution

= Kicker, initially set equal to 377 777 777 777 octal

= Generated random number
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$1BMAR

RANO

PZTE

CAME

JBM

$30

ENTRY

SAVE

CLA

STA

CLA

ALS

STD

CLA

STA

CLA

STA

TSX

PZE

PZE

STO

RETURN

PZE

PZE
PZE

STO

SXD

TZE

TMI

ANA

LRS

ADD
LRS

ADD

LXA

STO

CLA

FDP

STO

CLA

FAD

SUB

TIX

FUL IST,REF

RANO

(I,2)

3t4
PZTE

4t4
18

PZTE

5_4
PZTE+I

694
PZTE+2

JRDYv4
0
0
W_

RANO
0
0
0
STP
STP-ltl
2,4
it4
STP-4
1
STP
1
STP-3
STP-2tl
STP÷!
STP
STP÷t
STP+2

STP÷2
STP÷I

STP-4

JBM,ItI
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STP
PTG

JAF

JRDY

LXD
TRA
OCT
OCT
TZE
TM!
LRS
STQ
ALS
{')RA
FSB
STO
CLA
LRS
ORA
FAD
STO
FSB
FDH
STQ
FMP
STO
L/_O
FMP
FAD
LRS
FMP
FAD
LRS
FMP
FAD
LRS
FMP
TRA
OCT
OCT
OCT
SXD

STP-lt I

2e4

I000000000_ 100400000000t 3tO
OtOtO

It4

I,4
27

CAML
19
JAE
JAE+I

CAML+I

CANt.

8

JAE+2
JAE+3
CAML

JAE+4

CAML

CAML

CAML

CAML+2

JRDY-2

CAML+2
JRDY-3

35

CAML÷2

JAE+5
35
CAML
CAML+I

35

JRDY-I

2_4

210000000000t 210401000000_ 200000000000

2005520236311,201552023631 •202 561251001

2007542 ] 3603 _ 200462532 521 _200542710277

DDC K _4
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CLA

STA

ARS

STA

CLA

STA

STA

STA

LDO

MPY

STO

CLA

ARS

ADD
FAr)

STn

LRS
FMP

FAD

SSM

FAD

LRS

FMP

TSX
HTR

LRS
FMP

STO

TSX

HTR

STO

LRS

FMP

STO

CLA

STO
AXT

LDO

1,4

RDCO

18

RDCO+I

2t4

fO

RDCO+6

mD

8

RDC 0+ 5

RDC 04- 6

XYZ+3

35

XYZ-6

XYZ-5

XYZ-5

35
XYZ-4

PTGt4
,g.

35

XYZ-6

r)DCK-4

CAML+3_6
J

XYZ÷4

35

DDCK-5

DDCK-3

XYZ-5

DDCK-2

3,6

XYZ t 4
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RDCO

XYZ

DDCK

FMP
FAD
STO
TIX
CLA
STO
AXT
LDO
FMP
FAD
STO
TIX
FOP
STQ
CLA
CHS
FAD
STO
CLA
FSB
TPL
CLS
TRA
CLA
LRS
FMP
FAD
LXD
TRA
OCT
DEC.
OCT
OCT
OCT
OCT
END

DDCK-2,4
DDCK-2
DDCK-2
*-4,4_I
XYZ
DDCK-[
2,4

XYZ÷3,6
DDCK-3_4
DDCK-[
DDCK-1

*-4,4, 1

DOCK-2
DDCK-2
DDCK-2

XYZ+4
DDCK-l
XYZ+3
XYZ-4

*+3

DDCK-1

*+2

DDCK-I
35

om

DDCK,4

3t4

II060471625,200000000000,0

-2.,I.,.5

201556626307t176603476734,167526704623

202501770730,200633037061,172522333054
OtO,O,O,O,O

0
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Subroutine ZERO

Function. -- Stores data at program load time into common blocks /CONSTS/,

/AGROUP/, /BUFFIN/.

Comments. -- This is a block data subroutine. The data loaded into /CONSTS/

and /AGROUP/should remain unchanged, but the data put into the input buffer should

be altered to reflect that data most frequently used by LRC. This minimizes the num-

ber of data cards that must be prepared for a run, since these cards need contain

only changed data.
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$IRFTC ZERO LIST

BLOCK DATA

COMMON/CONSTS/X(27) /AGROUP/A(XI2)

COMMON/BUFFTN/SVTC(Tq)tU(83)tAA([8)_SR

I TODISTI61)tPOSICI6)tTDATA(26)tNOINT(I

20THER(]3),NCONT(9)

DATA X /57.2q57795EO,.X74532925E-1,2.0
I 3°14159265EOtI.2396434E-3,l.5362tgqE-

2 2.3599717E-12)2o9250513E-15)3.6254356
5-5696665E-_6t6.9030385E-27t8.5559255

.317297510EO,.402710840EO,.2555582q4E

VO(26),STTRKR(31),BODYI{9)_

24),DATACC(I6)tGAINS(65),

3
4

5

6 .72722052E-4/, A /112w0./

DATA SVIC/79*O°/t U / q*.01,9*°001,[2-

l 4e.001,4i°005,4-.5,4-I0.,4-.005,4-.05

°261260167EO,.3_1563418EO,.42081698qEO,.267048366EO,.3389

g25761F7,1.407654F16,

6tl. OO40576E-g,

E-18,4.49352??F-SI,

E-30,2.59362716E4,

O,.324352042EO,.41I664382EQ,

35126E0,

2 °15625E-2 I,AA / 4. I,3.8,.7,1.06,l.12

3 3elOOO.,3wO.,2*]O00./, SRVO /2".427,2

4 2_.OI82t2e6.667tS*21.,2".I6,211.53,2_

5 2e67°6/,STTRKR/ 4*0.,

6 lO0. tS.3_.OSv2.t.O16,578.,4._249.,?O.

7 9.33t 2o6.4F-6t.O6tl.OO8_3eS.25E-3/,

20.,6".02,9"0.,2".00

,4*.O05, L.,.O[,.IE-7

,1.02,.837,.43,2_.Q0

e. OO667,?*]R40o_*?R

.O0_05,2*.15,RO.,I.E

.025,.016,I.I

t.756,1.._3.8,.8,_._,

BODYI/.ISIE6t.ISF6,.

8 3*0.,2*IO00.,500./,POSIC/O°,O.,.22t41741E8,.2521402E_,O.,

9 TDATA/4eO°,620.5,17e. I,5. gg,3*.|667/,NF) INT/7q_O,4v42_[5,0

! CC/O.,O°,.20q25741E8,0.,[.,_*O.,I.,310.,I.,I.,.11387SS[_-

2 OTHER/ °5,.I,3*5.,Sa.3,.S,2*IO°,90.,78.,I./tNCnNT/6,?,n,4

3 I,I/

DATA TQDIST/61*O°/

1,4_0.,

5,

.865?,

5,

,168.,

5.32,

3E5,

0./,

,II,_ATA

2,I./,

,!,3,]0,

DATA GAINS/ 5".90484,2-4737.,3-2369.,2-4706.,3-2353.,2.q41.1,

1 3"470.6t 2e6737. t 3_'236g. t2"4706. _ 3_235 3. ,2*qA 1.1 _ 3_470.6, 3 0"0. /
END
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Section 4

USERS GUIDE

Introduction

A familiarity with the system features and characteristics is necessary for using

the CMG simulation. This guide is primarily a tabulation of input/output data and

formats, containing explanations of options and references to other sections of this

report.

Data input is by NAMELIST, where only data changes must be supplied; thus, the

value that each data item will assume is given. These are not recommended values

and are subj ect to change by LRC.

All data used by the control computer is subject to the maximum values speci-

fied in Appendix E.

Source decks for two subroutines should be made available to the user. These

routines can be easily reprogrammed to suit individual requirements. They are:

a. MANUAL -- Supplies desired commands to the system.

b. COST -- The iterative control law's cost function.

Modification instructions for these routines are contained in the Program Description
section.

There are three input lists.

$DATA

$COMAND

$COSTK

SDATA - This data supplies the main input buffer, /BUFFIN/, as follows.

Input Data

These are to be specified in the following order:
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Name

NBIT

NFXPNT

PTARGT(3)

AZCO

CAPMI(3)

CAPM2(3)

CAPM3(3)

ETADOT

WOAVE

WBMAX

NMOUNT

NUPDAT

MODE

Symbol

n

l_ o

Ac o

Mli

M2i

M3i

WBMAX

m u

m X

Description

Control computer word length

is sign + n bits ,7 <n_17

Indicator; 0, floating point

i, fixed point

Must correspond with COMP

routine fixed or floating

Inertial coordinates of target

position at t = 0. (Earth

Mapping)

Telescope azimuth command at

t = 0 (Earth Mapping)

Row 1 }
Row 2

Row 3

Direction cosines

commanded body to

inertial (Exp. 1)

z-axis rate command (Horizon

Spectrometry)

Average orb':tal rate (Horizon

Spectrometry, Microwave

Transmission)

Maximum body rate (Maneuver

Mode)

Star tracker mounting indicator

2, Inertial; 3, Horizon

Spectrometry

Attitude update command; 0,

no update; 1, update from star

trackers; 2, update from en-

vironment (Horizon Spectromety

Spectrometry)

Mode selector

1, Earth Mapping; 2, Inertial;

3, Horizon Spectrometry; 4,
Microwave Transmission; 5,

Attitude Hold; 6, Maneuver;

7, Manual

Value

15

(2 0. )0. ft.

0 925 741.

0. °

00!],1.,0

,0.,1

i. °/see.

0. 0011387551 rod/sec

i. o/sec
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NalTI e

zo(5)

KEI(5)

KE2(5)

KE3(5)

KE4(5)

KE5(5)

KE6(5)

K21(5)

KR2(5)

KR3(5)

KR4(5)

Ka5(5)

KR6(5)

NFBSEL

NGAIN

KSAVE

XKREM

ITER

LAW

MODCOM

Symbol

Zo,m G

Kel, m G

Ke2, m G

Ke3, m G

Ke4, m G

Ke5, m G

Ke6, m G

Krl, m G

Kr2, m G

Kr3, m G

Kr4, mG

Kr 5, mG

Kr6, m

mFB

mG

K s

K x

imax

m L

Description

Five values of compensation z o

Five sets of attitude

error gains

Five sets of attitude

error gains

Feedback selector 1, sensed

rate; 2, derived rate

Gain selector, 1 through 5

Algebraic Control Law param-

eter (Volume I)

Iterative Control Law param-

eter (Volume I)

Maximum number of iterations

ICL

Control Law selector

1, Baseline C. L. ; 2, Algebraic

C. L., 3, Iterative C. L.

Indicator, For control laws 2

and 3;0, T c = Td; 1, T c =

_Td -_T b (Algebraic & Iterative)

Value

5*. 90484

2*4809., 3*2405.

2*4777., 3*2389.

2*955., 3*478.

2*4809., 3*2405.

2*4777., 3*2389.

2*955., 3*478.

5*0.

5*0.

5*0.

5*0.

5*0.

5*0.

4

0.5

0.1

10
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NaIne

BHOLD

BSELFD

BDOTDS

ERRLLM(3)

DTJET(3)

TCYCLE

NSLOW

Symbol

_HOLD

BSELFD

_DS

.-_L

_ tj

Atf

ns LOW

Description

Value of 18 I, for which itera-
tive control law will not select

of same polarity as

I_ I> _SELFD initiates self
desaturation in Control Laws

2 and 3 (Algebraic & Iterative)

Self desaturation rate

Jet desaturation error limits

Jet pulse width

Control computer comp period

At s

Atf
, an integer > 1

90 °

78°

Value

i.°/sec.

3*5. °

(0)0.3 see.

0.5

0.1 see.

1

NXTRAP

TRUN

TPRINT

POS(3)

VEL(3)

AA

BA

CA

AB

BB

CB

AG

BG

JMBETA

JMALPH

tend

P-0

P-0

A a

Ba

C a

A b

Bb

Cb

Ag

Bg

JM

JM

Indicator, 1, Extrapolate_;

0, use late _.

Run duration

Print out interval

Vehicle inertial position @

t=0

Vehicle inertial velocity @

t=0

CMG Inertias

(ft. -lb. -sec. 2)

4-4

6. sec

0.1 sec

(o.)0.

22 141 741.

4.1

3.8

0.7

1.06

1.12

1.02

0. 837

0.43

0.005

0. 005

ft.

ft./see.



l_aIne

AGOMGO(3)

AGOMGD(3)

AGOMGM

HNOM

IXX

IYY

IZZ

IXY

IYZ

IXZ

JETTQE(3)

FLOWRT(3)

KSF(2)
K(2)

K2(2)
KT(2)

KB(2)
TAU(2)

TAUM(2)

TAUN(2)
THUD(2)

ELIM(2)

TF(2)

GRATIO(2)
LIMIT(2)

MAXRTC(2)

ESTAR

ASTAR

Symbol

Hi(o)

I_ i

Description

CMG spin momenta @ t = 0

CMG spin momenta rate of

change

Hmax Maximum value of H i

Hnom Nominal value of H i

Ixx

Izz

Ixy

Iyz
Ixz

Vehicle Inertias

(ft. -lb. -sec. 2)

Reaction jet torques

Reaction jet fuel rates

KSFi \

KTi [

KBi [CMG Gimbal Servo

1"i _parameters subscript

_'Mi _i -

TNi /2 -

TDi /See Appendix C.

eLi |

Tci/Gi

)_.LIM, _LIM

_cmax, &cmax

El, E 2
A I, A 2 }

Inertial Location of Stars

1 and2

Value

3"1000. ft.-lb.-sec.

3*0. ft.-lb.

1000. ft.-lb.-sec.

1000. ft.-lb.-sec.

151 000.

150 000.

30 000.

0.

0.

0.

2"1000., 500. ft.-lb.

3*0.16671bs/sec.

2*28.8652 v/rad/sec
2"1840.

2*0.47 v/rad/sec

2"0.16 _.-lb/amp

2"1.53 v/rad/sec
2*6.667 sec

2*0.00305 sec

2"0.0182 sec

2*0.00667 sec

2"21. volts

2"0.15 ft-lb

2*67.6

80. ° 105. °

2* i0. °/sec.
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Name

TAUWNG

TAU1

TAU 2N

TAU2D

TAU 3N

TAU3D

TAU3NP

TAU 3DP

TAU5

STG2

STG3

STG5

STKT

STKM

STKV

STKR

STAL

STTF

JINRTE

JINRTA

PSD

STBIAS(4)

ETAP

ETAR

GHRZ

TAUHRZ

DELW(3)

IVfDNOM(3)

MDX(6)

IVLDY(6)

MDZ(6)

PHASEX(6)

PHASEY(6)

PHASEZ(6)

FREQ(6)

Symbol Description

TWNG k

T2N

_'2D

T3N ]
_'3D

T3D

_'5

K2

K3

K5

KT

K M

K¥

Kr

A L

Test

Star Tracker parameters,

Appendix D.

} Noise characteristics

_p

GH

VH

_W

Axo, Ayo,
Azo

A m

Ayl

Azl

Bxa

Byl

Bzl

Horizon Sensor parameters,

Appendix D

Rate sensor bias

Disturbance torque

parameters, Eqns.

(A-12) of the RFP
Baseline

Value

O. 025 sec

O. 016 sec

1.1 sec

168. sec

100. sec

5.3 sec

O. 05 sec

2. sec

O. 016 sec

4. sec

248. sec

3.8 sec

578. v/rad

0. 754 in.-oz./v

I. v/rad/sec

O. 8 v/rad/sec

20. volts

3.8 in. oz.

5.32 in. oz-sec 2

9.33 in. oz-sec 2

420.5 (mv)2/cps

4*0. volts

0.00064 rad

0.00064 rad

1.008

0.06 sec

3*0.00525 rad/hr.

3*0. ft.-lb.

6*0, R.-lb.

6*0. _.-Ib.

6*0. R.-Ib.

6*0. deg.

6*0. deg.

6*0. deg.

6*0. rad/sec.
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Name

QMASS

PMO(3)

VMO

AMO(3)

R(3)

OMGAMM(3)

DTEST

DTMIN

EMIN

NDOUBL

OMGAB0(3)

BETAD0(3)

ALPHD0(3)

BETA0(3)

ALPHA0(3)

PHI0

THETA0

PSI0

TLDB0(3)

TLDA0(3)

EM_B0(3)

EMA0(3)

EFB0(3)

EFA0(3)

Symbol

Q

Xo, Yo, Zo

_, _o, _o

%,
R1,R2, R3

_'_1,_12,_3

_w0

a_0

_0

_o

@o

Oo

_o

T_i 0

Taio
I

em_io

en_i 0

e/_i 0

efai 0

Description

Moving Mass parameters,

Eqns. (A-5) through (A-9)
of RFP Baseline

Step size estimate for integra-
tion routine

Minimum allowable integration
step size

Value

O. slugs

3*0. ft.

3*0. ft/sec.

3*0. ft/sec 2

3*0. ft.

3*0. rad/sec.

0. 0015625 sec.

10-6 sec.

Integrator error bound

multipliers;

if al___llintegrators errors 1.
<EiVLIN*Ui; step size

double command. 0.01
if any integrators error

>EMAX*Ui; halve step
size

Number of double commands 4

before step size is doubled

Vehicle body rates

Inner gimbal rates

Outer gimbal rates

Inner gimbal angles

Outer gimbal angles

State

Vector

Initial

Condi-

tions

\

Euler angles

CMG gimbal servo
variables

3*0. °/sec

3*0. °/sec

3*0. °/sec

3*0. °

3*0. °

O. o

O. o

3*0. ft-lb

3*0. ft-lb

3*0. volts

3*0. volts

3*0. volts

3*0. volts
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Name

HEXT0(3)

ENRGB0(3)

ENRGA0(3)

HORIZ0(2)

NOISE0(4)

STV10(4)

STV20(4)

STV30(4)

STV3P0(4)

STV50(4)

SQTI0(4)

QTB0(4)

U(79)

NOINT(79)

Symbol

__exo

Po' Ro

nvi 0

Xli0

X2i0

X3i0

)_3io

k5io

X6i 0

el o , el o

al 0 , a_ 0

Description Value

Momentum due to external

torques

Mechanical output energy

of CMG gimbals

Horizon sensor outputs

Star tracker variables

3*0. ft-lb-sec

3*0. Ib-ft

3*0. lb-ft

2*0. °

4*0. volts

4*0. volts

4*0. volts

4*0. volts

4*0. volts

4*0. volts

4*0. °/sec

4*0. °

Integration error bounds.

One to one correspondence

with state vector. See state

vector initial conditions for

units. Note: ifU i = 0, then
the i th integrator is not con-

sidered for step size adjust-

ment.

9*0.01

9*0. 001

12"20.

6*0.02

9*0.

2*0.01

4*0.

4*0. 001

4*0. 005

4*0.5

4"10

4*0. 005

4*0.05

4*0. 005

Integration control, normally

NOINT(1) = 0. If NOmT0) = 1
the ith state variable is frozen

at its initial value.

79*0.
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Name

NBOUT(16)

NBLU(25)

TEVENT(15)

Symbol Description

Number of bits carried in the

output conversion of the 16

control computer output vari-
ables. See Table 4-2.

Number of bits carried in the

input conversion of the first

25 control computer input

variables. See Table 4-1.

The time during a control com-

puter comp cycle when each of

the first 15 input variables are

sampled.

0 < TEVENT(1) < TCYCLE

Note:

Ideal case (no delay) when

TEVENT(I) = TCYCLE

Worst case (on period de-

lay) when TEVENT(I) = 0.

See Table 4-1.

16"15

25"15

15"0.1

Value
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Table 4-1. Control Computer Input Variables

Array
Order

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Variable

0J !
X

Y

z

e t
1

e t
2

a t
1

a t
2

R_

B1

C

C

t m

H 2

H 3

Source

Rate Gyros

Star Trackers

Horizon Sensors

CMG Gimbals

Control Panel

or Stick

CMG Spin Tachs

> TEVENT (15)

NBIT (25)
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NBIT (16)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Table 4-2• Control Computer Output Variables

Variables Use

Blc

B2c

B3c

_le

_2c

°13c

A
C

¢'

O'

EX

_y

E
Z

g

0_ XC

yc

d
zc

CMG Commands

Experiment one telescope command

(Earth Mapping)

>
Control Panel Display
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$COMAND- This NAMELIST supplies data to subroutine MANUAL.

Name Value

PHIC(4} 0., 0. , 0. 1, 0. deg. or deg./see.

THETAC(4) 0., 0.1, 0.1, 0. deg. or deg./see.

PSIC(4} 0.1, 0.1, 0.1, 0. deg. or deg./see.

TMANUV(4) 0., 0. , 0., 0. see.

TSTART(4) -1., 6., 12., 18. sec.

This data can be used in Modes 6 or 7. Otherwise it is ignored. Whenever t

exceeds TSTART(1) a command and insert are initiated. If in Mode 6;

\p slc(_ /

and t = TMANUV(1)
mail

Ifin Mode 7;

VSlC(_ /

$COSTK - This NAMELIST supplies data to subroutine COST, the cost function

used with the iterativecontrol law. The data supplied is

CFK(3) 0.016, 1., 1.

and is used in this function

COST=-CFK(1)*{!_I+CFK(2)*I._V+C_K(3)*IH_eos_1}

Output Data

A block of output data is printed at the specified print intervals. The following

is a model format showing the labels as printed and an X for data item.
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T = X ,W = X ,E=X ,HTEST=X X X,

BDC X X X , ADC X X

BD X X X ,AD X X

B X X X ,A X X

AT DC X X X , ATC X X

ATD X X X , AT X X

TC X X X ,TCP X X

TJET X X X ,TEX X X

P X X X ,V X X

OBPE X X X ,OBVE X X

STAR TRACKER ERR, DELE1 = X,

TGAIN = X X , ITER = X

X , WERR X X X

X ,W X X X

X , WOB X X X

X , EPOB X X X

X , ATOB X X X

X , TGIM X X X

X , TCTL X X X

X , WD X X X

X ,HRZ ERR, P=X, R= X

DELE2=X, DELAI=X, DELA2=X, TEL AZ COM=X

Where

T

W

E

HTEST

TGAIN

ITER

BDC

ADC

WERR

BD

AD

W

ATDC

ATC

EPOB

ATD

AT

= time (sec.)

= weight of reaction jet fuel consumed (pounds)

= actual output power of CMG torquers (watts)

= components of the angular momentum test (ft. -lb. -sec.)

= The projections of TGIM on and normal to TCP, normalized by
ITCPI.

= the number of iterations taken in the last execution of the

iterative control law

= _ci (°/sec')

= dci (°/sec-)

= components of u_ - 00 (°/sec.)
C

=//i (O/sec.)

= &. (°/sec.)1
= a_(°/sec.)

i e" (O/seo.)I
= ¢0" ec" ¢c" (o)

g

= c (o)
• , . o

= ¢, O, ¢ (°/sec.)

See figure 3-11

=¢,0, $(o)
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ATOB

TC

_' ' _,(o= ,8, )

=T d (ft. -lb.)

TCP

TGIM

=T (ft. -lb.)
_C

= theoretical torque produced as a result of &ic' _ic only (ft. -lb. )

TJET

TEX

TCTL

= reaction jet torques (ft. -lb. )

= disturbance torques, external plus moving mass (ft. -lb. )

torque produced as a result of &ic' flic' uh. (ft. -lb. )theoretical

P

V

WD

OBPE

OBVE

P

R

DELE1

DELE2

DELA 1

DELA 2

= p_ (ft.)

: p_ (ft./sec. )

=_ (O/sec. 2)

= P_' -$2_ (ft.)

=_'- p"

=Pa (o)

= Ra (o)

= e 1 e I

= e2-e 2

= al-a 1

g

= a2-a 2

(ft./sec. )

(o)

(o)

(o)

(o)

TELAZ COM = A
C

At the end of each run, a summary is printed out. The data items are iden-

tified on the output as:

Peak torquer output power (watts)

Average torquer output power (watts)

Theoretical average torquer output power (watts)

Jet Fuel (pounds)

Number of integration steps taken and the values of first 300 of

these (see.).
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AppendixA

RIGID BODY EQUATIONSOF MOTION

The equations in this appendix yield the accelerations _i' _'i, _i" Many are

cyclic and are programmed in DO loops. A group of three equations is cyclic when

the second (or third) equation is produced by cycling all subscripts of the first (or

second) equation in the following manner:

x-* y

y-* z

Z -* X

1--,2

2-*3

3-.1

Allaij not listed are equal to zero. (i=1, 9;j = 1, 9)

(A-l) -_

d

(A-2) -* (A-3)

(A-i)

d

d

(A-2)

(A-3)

(A-4) -*

d

el = 6i

(A-5) -* (A-6)

(A-4)

(A-5)

(A-6)

A-I



(A-7)-, (A-8) -_ (A-9)

W'xl = WxC°Sal - WZ sinal

°_Y2t = WyCOS_ 2 _ _ sino_2

z3' = w zcosa 3 - O_ySina 3

(A-10)-* (A-11)-* (A-12)

' = _Y + &lyl

I =_Z + &2°_z2

_, x3 = WX + &3

(A-13) -, (A-14) -, (A-15)

O_zl' = WX sinal + WzC°sal

, = O_ySina 2 + _xcosa2O_x2

(.o s
y3 = WZ sina3 + WyC°Sa3

(h-16) -, (h-17) -, (A-18)

= _' cosAS1 + _' sin_81U_xl xl yl

= O_e cos_2 + o2' sin/t 2_y2 y2 z2

= _' coslft 3 + _' sin_8 3Wz3 z3 x3

(A-19)-_ (A-20)-_ (A-21)

= _' cos/lI ' sin_l_yl yl - (_xl

= _' cos_2 ' sin_ 2_z2 z2 - °_y2

= o;' cos_ 3 ' sin_8 3°_x3 x3 - Wz3

(A-22) -, (A-23) -. (A-24)

= _e + _2U_x2 x2

= 0_e +_30_y3 y3

A-2

(A-7)

(A-8)

(A-9)

(A-10)

(A-11)

(A-12)

(A-13)

(A-14)

(A-15)

(A-16)

(A-17)

(A-IS)

(A-19)

(A-20)

(A-21)

(A-22)

(A-23)

(A-24)



a44 = Cb + B + gmflG_l

g

a66 = C b +Bg+ Jm_G_

g

Listed for completeness only. These

are constant and are computed at ini-

tialization only.

(A-25)-, (A-26)-* (A-27)

+[A +(%+A_cos2_I (Bb+B _ sin2_l]COS2& 1all = Ixx +

+(C a+C b+B +Jm; (sin2t_l + c°s2g _2 )

+LA+ (%+A)oos2_2+(%+Bg)s_n2_2]sin2%

(A-25)

+ B + (%+A 2 sin2fl3+ (Bb+B _ cos2_ 3+ Jm_ a

a22 + B + J + (%+A_ sin2_I + (Bb+B_ c°S2_llyy a m{_

+ J fl)(sin2a2 + cos2_3)+ (Ca + Cb + Bg m

+ [A a

+ [A a

+ (Ab+A _ cos2_ 2 + (Bb+B 2 sin2_ 2 ] cos2& 2

+(%+A)oos2_3+(Bb+B_)sin_3]sin2%

a33 = I +B +J + +C b +B +Jm_]) (cos2c_1+ sin2_ 3)zz a mo_ (Ca g

+ C%+A 2 sin2_ 2 + {Bb+B _ cos2_ 2

+ [A a + (%+A_ cos 2 _1 + (Bb+B2 sin2 _1 ] sin2&1

+[A+ (%+A_cos2_3+(_b+Bg_si_2_3]cos2%

(A-26)

(A-27)

A-3



(A-28)-, (A-29) -* (A-30)

a12 = -I - (Ab+A -B b- B_ (sin{_3sin_3cos_3- cos_ lsin_lcos_l )xy g

+_Ca-Aa+Cb+Bg+Jm_ oo 2 2- (Bb+B _ sin2_2 ] (A-28)

sin_ 2 cos_ 2

a23 = -Iyz- (Ab+Ag-B b

+ _Ca- A +Cb+Ba g

sin_ 3 cosa 3

- B_ (sin_ 1 sin_l cos _1 - c°s_2 sin_2 c°s_2 )

+ Jm_- (Ab+A_ c°s2_3 - (Bb+B_ sin2_3] (A-29)

a31 = -Izx- (Ab + Ag - B b - B_ (sino_ 2 sin_2 cos_2 - cos_ 3 sin_ 3 cosfl3)

+_C -A +C b+B +J - (Ab+A _ cos2_1- (Bb+B)_ sin2_l _a a g m_
(A-30)

sin_ 1 cos _i

a21

a32

a13

a14

a15

a16

a17

a19

(A-31) -, (A-32) -, (A-33)

= a12

= a23

= a31

= (C b+B +J sin_ 1g

= (% + Ag - B b - Bg) cos_ lsirl_] lcOs_l

= (C b + B + cos_ 2g Jn_G_] )

= - (A b + Ag - B b - Bg) sin_ 2 sin l]2 cos _2

= Ba + Jm_G{_ + (%+A_ sin2_3 + (Bb+B _ COS2_3

(A-31)

(A-32)

(A-33)

(A-34)

(A-35)

(A-36)

(A-37)

(A-38)

A-4



= + J G + (Ab+A _ sin2_l + (Bb+B 2 cos2_ 1 (A-39)a25 Ba m_

= + JmflG_) sin_ 2a26 (Cb + Bg
(A-40)

(A-41)

+ j (A-42)
a28 = (C b + Bg m_G_]) cosa 3

a29 = - (%+Ag-B b- B_ sina 3 sin_3 cos_3 (A-43)

a34 = (C b + Bg+Jm_G _) cosa 1
(A-44)

a35 = - (A b + A - B b sina 1 sin_lcOS_l (A-45)g - Bg)

a37 = B + J G + (%+A_ Sin2_2 + (Bb+B _ eos2fl 2 (A-46)a m_ t_

a38 = (C b + B +g Jrn_G_) sina3 (A-47)

= + - B b - B_ cosa 3 sin_3 cos _3 (A-48)a39 (% Ag

a55 = B +J G 2 +(%+A_ sin2_]I+(Bb+B _ cos2_ 1a m_

= +j a 2 + 2+(Sb+B a77 Ba m_

= + J G 2 + (Ab+A _ sin2#3 + (Bb+B _ cos2_ 3a99 Ba m{_

(A-49)

(A-50)

(A-51)

Ab 1

(A-52) -. (A-53) -* (A-54)

I _ u + Wzl yx mp

+ [&lJm_ + (_Oy+G0& 1) Jmot ]oJ:_lsinal+ (_z+% & 2 ) O_x2Jm_ sina2

+ [.o}2Jm_ (OOz+%a2)Jma] w' cosa 2 w' + G_2) OOz2Jm_sina 2+ y2 - ( x2

-(u_' +G_ w' J }y3 3 ) z3 mfl

(A-52)

A-5
w



Ab 2

_b 3

(-°_'x2 + G_ 2) °_ '_ Jm'_c°S_2zzP (o_ z + Go_&2) u_x2 Jm_C°S_2+

+ , _.% ' + G_3) _x_Jm_ _in%+ (u_ x G{_& 3) Wy3Jm_ - (O_y3

+ _0}3Jm_+ (O_x+G o}3 )Jm_]_tz3cos0t3}

+ " u_' J sin_ - _' +G_I ) ' sin_ 1

+[&lJm_ +(°_y+G &l ) ]_' cos_ 1 ' +G_ 2) Y_' uOJm_ xl - (_x2 _ _'"J ....

• , (Wy 3 Gfl_3) _'x3 Jmfl c°s_3- (0¢x+ G_ 3) °_y3Jm_ c°sa 3 + ' +

+ + z3 3

(A-53)

(A-54)

A-6



A

I

ci
.o

J

A-?



.t,,]
N
I

:N

+

< ---bl

• "_

3

G"
I

3

+
N

3
N

+

3

• _
I

+

N

• 3 3

o ._
O u1

_ +
e_

+ +

+ 3
._. e,1

3 oO

+ 3

+ ._
[/2

3 +

"_.

o 3 _

O
m O

+ +

I I

t_..l

I

J

O
O

3 +

_a 3 o
Cxl O_ Cxl

0 0 0
0 0 0 _ ,--I

+ + ,-_

I _ _:_ +

_ _ _ +
•S 3 . _. .-_ +

o "_ ._ :3 3 ,

oO ¢o ,_ o

_ ._ --_
_l _ _ _ +

+ _ 3 j-_0 + _"_o,0

+

_ _ _:_ ¢0 I L.-J

o __1 Cq CO 0

o o ._ _ , ,

+ + + _ :_

+ + + _ :3
+

I

II

o4

O,1

C:
I ¢q

(/)
o
O

I

i N
3

i:cl
+ G:

,_ +

ea _1s
3 '

e,1 ,_

a ,
+ _

_ +

°

3
I

_ N
o 3

"- N

a _p

3 o
+ i_

bl

3 _
_ N

3 +
+

.<

3

+

I

O
I

NI

.<
+

bl

3

3
t_J

+

!

co

3

3
I

O
O

.<
I

3

3
+

O
O

A

I

O

3

3
I

CO

O
O

.<
;)4

3

I

.<
I

I

bll

+
e_

b_

3
c_

3
LJ

+

J

A-8



t.O I

A

I

÷

I

bl

3
+

i

3
t_._l

I

bl

• _.1 bl

I

3

• _..,i _

4-

3

°1-.i

+

,3
+

bl

,<._
I I

II

cO

A

I

C,l

3

3

+

I

3

+

Ell
0
0

r--i

I--I

3

i-I

I

I

I

+

m
l--I

3

3
i__I

+

cO

I

CO

3

3

÷

¢xl

0
0

C',I

-I-

I

I

+

3

3
i_.I

+

_Q

0
0

r-I

cO

3

+

I

I

+

c_

3

3
L..-I

I

¢0

0
0

I

CO

3

3

+

c_

0
0

c_

0
0

I

r_

3
c_
N

+

c_

3

I

I

!

+

N

+

A-9



(A-58) -, (A-59) -' (A-60)

M_I = T_l-Tc_sgn(_l)

- sgn (&2)M_2 = T_2 Tc_

- sgn (&3)M_3 = T_3 Tc_

(A-58)

(A-59)

(A-60)

(A-61)-, (A-62) -* (A-63)

M_I = TEl- TcO sgn(_l)

M_2 = T_2-Tc_sgn(_2)

MO3 = TOS- Te# sgn (_3)

(A-61)

(A-62)

(A-63)

(A-64) -_ (A-65) -_ (A-66)

Right hand side cycles

LHS increments by 2

% = Mm - (%+B +am_Gt__1al +g U)yI_Ag+(A b+Ag (A-64)

b 6 : MO2 -(Cb+B +Jm_G_'_&_+ _2Ag -Bb-Bg)g yz :_ °_z2 + (% + Ag O_y2 ¢a_z2
(A-65)

b 8 = M_3 (Cb+Bg + g a4x3 °_z3- +Jm_G_) _tz3_ 3 + _x3_3 Ag (Ab+A -Bb-Bg )
(A-66)

(A-67) -_ (A-68) -, (A-69)

R. H.S. cycles, L.H.S. increments by 2

b 5

M_I + (°/zl + G#_I) °_xl Jm_ - I_I1 sinfll

) +(Ab+A _ _sin_lCOS_10_zl_ 1+ sin2_lO_xlflI - sinfllCOS_l(O4y+al)_ 1 ]

=_ +(Bb+B_ c°sO1 _-sinO1°_;la1+c°s_l °_x1_1+ sinOl(°_y+&l)_1 ]

- _zl _lAg cos_l + (Ca-Aa) °_x1°_;1

+ rob-%) _yl _zl sin_l - (% +Ag- %-Bg_ co_ 1_xl %1

(A-67)

A-10



fMt_2+ (W'x2+ Gfl_2) °2y2Jm_ - I{2sin_ 2

)

b7 =I

-(%+A2_2 _-°°_._x_.a_-_2%2_2+%+ a_)i_°°_2_

- (Bb +Bg)oo_2 [_i._2_x252 - ¢o_2 ,' " -_y2_2 (%+%) t}2si'_ 2]

-Wx2_2AgC°S_2 (Aa-Ca) x2 y2

+ (Bb- Cb)_x2%2 _m_ 2 - (Ab + Ag - Cb - B) _x2 %2 °°_2

b9=

I +(WO.+G__)Wo.J _-I_. sin_.

a3 y_ _ z z_ m_ _

- B_+BJ cosB. sinB.w' & - cosR w'._3 (_ _3 sin_3 ]( u g -_ _ -_ y3 3 "3 z,_ - ' +&3 )

-Wy3_3A cosfl3 o_' _c'g - (Aa-Ca) y3 z3

+ (B b - Cb) Wx30_y 3 sinfl3 - (% + Ag - Cb - B 2 O_y30_z3 cosfl3

(A-6S)

(A-69)

l

all i 2 2 _ 2 2 aa_99)
al____4 _ al___55_ al___66_ al___77

all - a44 a55 a66 a77
(A-70)

, [ a15a25 a16a26 a17a27

a12 = _a12 a55 a66 a77
(A-71)

, [ a14a34 a15a35 a17a37

a13 = %a13 a44 a55 a77
(A-72)

A-II



a 2 2 2 2 2 )
, a25 a26 a27 a28 a29 (A-73)

a22 = 22 a55 a66 a77 a88 a99

t (a a25a35 _ a27a37 _ a28a38 a29a___39_ (A-74)a23 = 23- a55 a77 a88 a99 ,]

a 2 2 2 2 2 /
' a34 a35 a37 a38 a39 (A-75)

a33 = 33 a44 a55 a77 a88 a99

b; = b 1 a14 b 4 a15 b 5 a16 b 6 a17 b 7 a19 b 9 (A-76)
a44 a55 a66 a77 a99

a25 a26 a27 a28 a29
b 2 = b 2 b 5 b 6 b 7 b 8 b 9 (A-77)

a55 a66 a77 a88 a99

a34 a35 a37 a38 a39

b_ = b 3 b 4 b 5 b 7 b 8 b 9 (A-78)
a44 a55 a77 a88 a99

Perform the indicated matrix inversion and multiplication to compute the body accelerations.
acclerations.

-1

12

% =/a;2 a22 a'23 /

ma;3a23 a;3J L ;J

(A-79)

_1 = (b 4 - a14_ x - a34&z)/a44 (A-80)

_'1 = (b5 - al5_x- a25¢by- a35d_z)/a55

_'2 = (b6 - a16 _x- a26&y)/a66

(A-SD

(A-82)

A-12



_'2 = (b7 - a17_x - a275Jy- a37Cbz)/a77 (A-83)

_'3 = (b8 - a28&y- a38&z)/a88
(A-84)

_3 = (b9 - al9Cbx- a29¢by- a395_z)/a99 (A-85)

" A-13



Appendix B

VEHICLE ATTITUDE EQUATIONS

The Euler angles that transform the inertial frame

YI to the vehicle frame YB are.

zi

1. _b about z I

' (new yi)2. 8 about YI

3. _ aboutx B.

The Euler rates can be expressed as

= ¢_ +Ice cos¢+_ sin_]tan8
x z y

= W cos_b-CO sin¢
y z

The

mll m12

m21 m22

m3l m32

-_b= _u_ cos ¢+a) sin el/cos 0
z y

elements of the direction cosine matrix,

m23 ] , (body to inertial) are:
!

m33J

roll = cos _ cos O

m12 = cos _bsin O

m13 = cos _b sin O

m21 = sin _cos 0

m22 = sin _)sin O

m23 sin _b sin O

m31 -sin O

m32 cos 8 sin

m33 = cos O cos _b

Sin ¢- sins cos q) )

cos ¢ + sin _ sin _(

sin ¢ + cos _cos _ >
cos ¢ - cos Ssin Cj

/

(B-l)

(B-2)

(B-3)

(B-4)

B-1



Appendix C

CMG GIMBAL EQUATIONS

Figure C-1 is a diagram of the number one CMG's outer gimbal servo loop.

speetion of this diagram leads to equations (C-I) through (C-5):

In_

• I _ ° I

efoEi = rDO_ (G_K2o_o_ i - ef_ i) (C-I)

°I 1 *l g I

eMo d = _ [Ko_ (KsF_&ic -TNa ef_ i - efai) - eMc d] (C-2)

i I I

eMO d , l eMo_i I < eLo l

eM_ i = eLo t , eMa i>eL_

• -eL_ , eM{xi<-eL_

(c-3)

Tai TMC_ L _-_ (eM_ i- G KB &i) -T i (C-4)

M ai = Tai - 'Ifai (C- 5)

For inner loop equations, replace &ic, & with flic, _ and replace the subscripts

(ol) with subscripts (8).

To compute Tfa i for equation (C-5) use the logic of figure 2-4 where:

J is replaced with a2i+3 ' 2i+3

T is replaced with T
e c_

00 is replaced with &.
1

Ta is replaced with Tai - Hifl i cos _i

C-1



For the corresponding Tffl i

J is replaced with a2i+2 ' 2i+2

Tc is replaced with Tc_

¢o is replaced with _i

Ta is replaced with T_i + Hi_ i cos fli

C-2
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Appendix D

SENSOR EQUATIONS

Star Trackers

This section lists the equations describing a star tracker servo loop conforming

to the model supplied in the CMG RFP I,-7035.

Equations (D-l) through (D-4) are dependent on sensor mounting and are presented

in pairs. The suffix (a) denotes experiment two configuration (Inertial Mode) and

suffix (b) represents the experiment three mounting scheme (Horizon Spectrometry).

u = (D-la)--a

(0)u = 0 (D-lb)
--a 1

u = cos a (D-2a)
-e \sin a'-

-cos a'

u =(-sin0a' ) (D-2b)

Note that in the case of Ue2 of Equation (D-2a) the gimbal angle a_ is approximated

with the boresight angle a2, since the azimuth channel of the #2 star tracker is not

simulated, as specified in the RFP.

The boresight angles are:

(D-3a)

a.= tan-1 /.-Six._

D-1



e. = sin -1
1 (s_

e. = -sin -1 (Siz)1

Identification of:

_a = (a-a_) cose

#¢ =e-e
e

=_ 1

Gn(S) rwNGs +_-

1
Gl(s) = r s +

1

(r2N s + 1)

G2(s) = K2 (T2DS+l)

a3(s) = Ka (ra_Ns+ :) (_N_ +1)
(% +:)-(%,+

G4(s) = I

K 5

as(s) r5s+:

in conjunction with the block diagram from the RFP leads to Figure D-1.
equations can be written from inspection of this diagram

• = 1

nva _ (Nva - nva )

_'la = _ (KT_ a - kla)

• 1
X2a r

2D

• ---- 1

k3a T3D

(D.-4a)

(D--4b)

The following

(D-5)

(D-6)

(D-7)

(D-S)

D-2



÷
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r
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3a

k4a

4a

1 • !

- 7--- (k3a +T3NX3a - X3a)
T3D

= X' +r'
3a 3N"3a

X4a, t)_4a[ < AL

AL ' )_4a > AL

-A L , X4a <-A L

(D-9)

(D-10)

(D-11)

ht = k6a -_w • -aU (D-12)

• 1

k5a =-_5 (KrK5ht _ k5a) (D-13)

X6a - i _K m0,4a- KVh' ) - Tfa] (D-14)

where Tfa is computed using the logic of Figure 2-4 with:

J =J
a

T c = Tfs t

• I
0J = a

T = K (Xt - K h t)
a m 4a v

t (D-15)

For the elevation axis equations replace ht with _t and replace the subscripts (a)

with subscripts (e) in equations (D-5) through (D-15).

Horizon Sensor Equations

The first order equations for the horizon sensor lag are:

1

- T--H (GHP a - P)

_ 1

1_ T-H (GHR a - R)

(D-16)

D-4



and the error model

P'=P+%I

R'=R+nr _
(D-17)

Body Rate Sensors

The rate gyro error model is

_'= u_ +AW
(D-18)

D-5



Appendix E

VARIABLE NAME LISTS

All significant program variables are placed in common blocks. Since these

variables may appear in various routines with different names, the following break-

down by common block defines the most applicable variable names.

Variables associated with the control computer have their assumed maximum
values listed.

Table E-1 is a matrix defining data linkage.

E-1



<

Z

0

_q

_JQ

I

(J
0

_q

0

0
(J

I

_q
<

............... _ -_

W . . ._ ........ _ ......... _ . ._ . ._ .............

• " "_ ......... _X_ ....... _ - ._ ._ ....... _ ......

............. _X_._ .........................

_ "_ ...... _ ._ • • ._ .X .........................

X -__ • • ._ ................................

_ • ,__ -_ • • ._ ._ .......................

.... _._._ ..................................

_ ....... _ .... _ ..........................

._ .... _ ...... _.._ .......................

_ ........ _.,_._ .........................

°_ ......... _ ..............................

• ._ ......................................

• _ ....... _._ .............................

_ ...... _ .__ ..... _ ...................

_ • ._ -W_W • . ._ ._ .... _ ._ . ._ ......

_ ........................................

.... _ ........... _ ...... _ .___ ....

.... _ ........... W_ . . .W_W__W__ ....

.............. _ ...... _ ._ . . ._ ......... _

.... _ ....... __ ........ _ ....... _ ._ ....

_ • ._ • -_ -_ ._ . . ._ ......................

_ __o_ __ _ _ _ _

OH_IZ

RIl_VOO

NV&VDD

OOiqIS

£_OD

XDHSINSI

HH(IAH

H(IRI I_

V(_NLq

O IAI(LNII_I

HH&S l(I

HHd_H

'_HA90_[

H&VH

D IH&

X_V/AIfIS

_I Vfl lqVIA[

&fl_I&flO

&fl_IRII

IDI}I

"I_I(IIAIOD

X_I(II_OO

_'I£ INI

t_I& Ii_II

_I£I_I

_I I_IlqI
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/RKYV/, Environment State Vector

Lo cation

1- 3

4- 6

7- 9

10 - 12

13 - 15

16

17

18

19 - 21

22 - 24

25 - 27

28 - 30

31 - 33

34 - 36

37 - 39

40 - 42

42 - 45

46 - 47

48 - 51

52 - 55

56 - 59

60 - 63

64 - 67

68 - 71

72 - 75

76 - 79

Variable Name

OMEGAB(3)

BETAD(3)

ALPHAD(3)

BETA(3)

ALPHA(3)

PHI

TH E TA

PSI

TLOADB(3)

TLOADA(3)

EMB(3)

EMA(3)

EFB(3)

EFA(3)

HEXT(3)

ENRGYB(3)

ENERGYA(3)

HORIZ(2)

NOISE (4)

STVI(4)

STV2(4)

STV3(4)

STV3P(4)

STV5(4)

SQTI(4)

QTB(4)

Symbol

c_i

e

Tf]i

T_ i

g

em :
dmff

¢

ef_i

Hex

}
P,R

nvi )
kli

X2i (
k 3i

Z3i 1

k 5i

k 6i

e l, e 2 , a 1, a 2

Comments

Vehicle body rates

CMG inner gimbal rates

CMG outer gimbal rates

CMG inner gimbal angles

CMG outer gimbal angles

Vehicle Euler Angles

CMG gimbal servo state

variables

Inertial components of system

angular momentum due to ex-

ternal torques

Mechanical output energy

of the CMG gimbal servos

Ideal output of horizon sensor

dynamics

Star tracker servo state

variables

E-3



/RKYVDB/, Double Precision State Vector

Location

1- 2

3- 4

5 - 162

Variable Name

TSTOP

DBLT

DSV(79)

Symbol Comments

End of integration interval

(double precision)

Time (double precision)

Double precision state vector

Location

1- 3

4- 6

7- 9

10 - 12

13 - 15

16

17

18

19 - 21

22 - 24

25 - 27

28 - 30

31 - 33

34 - 36

37 - 39

40 - 42

43 - 45

46 - 47

48 - 51

52 - 55

56 - 59

60 - 63

/RKYDV/, State Derivative Vector

Variable Name

OMGABD(3)

BETADD(3)

ALPHDD(3)

DRBETA(3)

DRALPH(3)

PHID

THETAD

PSID

TLDDB(3)

TLDDA(3)

EMBDOT(3)

EMADOT(3)

EFBDOT(3)

EFADOT(3)

HEXTD(3)

ENRGBD(3)

ENRGAD(3)

HORIZD(2)

NOISED(4)

STV ID(4)

STV 2D(4)

STV 3D(4)

Symbol

d/dt fl

d/dta

Comments

T

e'm_i

e m_i
"I

efai

TEX

i

nvi

li

X2i

X3i

Time derivatives of the state

vector variables. One to

one correspondence with

/RKYV/.
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Location

64 - 67

68 - 71

72 - 75

76 - 79

Location

1- 79

80- 158

159

160

161

162

163

164

165

166 - 244

Variable Name

STV 3PD(4)

STV 5D(4)

SQTID(4)

QTBD(4)

Variable Name

U(79)

UMIN(79)

DTMIN

DTEST

DE LTAT

NDOUBL

NINT

T

TRETRN

NOINT(79)

Symbol

x%i

X5i

X6i

• I .I -I

el' g2 a2, a 1,

/RKC/, Integrator Controls

Symbol

Comments

C om m ents

U(I) is the upper bound of the
local truncation error for the

ith element of the state vector•

UMIN(I) is the lower bound of
the local truncation error for

the ith element of the state

vector•

Minimum allowable integrator

step size.

Desired integrator step size.

Actual integrator step size.

Number of double commands

before doubling step size.

Size of state vector.

Time

Lntegration interval

Freeze control

Lo c at ion

1- 3

4- 6

7

8

9

10 - 12

13 - 15

/SINCO/, Trigonometric Functions

Variable Name

SINB(3)

SINA(3)

SINPHI

SINTHE

SINPSI

COSB(3)

COSA(3)

Symbol

sin

sinQd

sin

sin0

sin

cosfli

cos c_i

Comments
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Location

16

17

18

19 - 21

22 - 24

25 - 27

28 - 30

31 - 39

Variable Name

COSPHI

COSTHE

COSPSI

SI_BSQ(3)

SINASQ(3)

COSBSQ(3)

COSASQ(3)

DIRCO(3, 3)

Symbol

COS

C OS

COS

sin2 i

sin2_ i

cos2fli

cos2_i

[mij]

Comments

Location

1- 9

10 - 18

19 - 21

22 - 24

Location

1 - 81

82 - 9O

91 - 99

100

101 - 103

104 - 106

107 - 109

110 - 112

Location

1 - 57

58 " 66

67 - 75

Variable Name

OMEGA(3, 3)

OMEGAP(3, 3)

OMGASQ(3)

OMGAXP(3)

Variable Name

A(9, 9)

AP(3, 3)

APINV(3, 3)

DETAP

DIFIXB(3)

AAXB(3)

XBSQ(3)

BAXB(3)

Variable Name

BAUX(57)

BSMALL(9)

BLARGE(9)

/RATES/

Symbol

_xi, _yi, _zi

• 00' _'.
OOxi' yi' Zl

/AGROUP/

Symbol

[aij]

[a_j]

[alj3-I
g

det [aij]

}
/BGROUP/

Symbol

bi

Comments

auxiliary variables

Comments

auxiliary variables

Comments

auxiliary variables

auxiliary variables
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Location

76 - 84

Variable Name

BPRIME(9) bi

Symbol Comments

Location

1

2

3

4

5

6

7

8

9

10

11 - 30

31 - 33

34 - 36

37

38

Variable Name

AA

BA

CA

AB

BB

CB

AG

BG

JMBETA

JMALPH

AGOMGO(3)

AGOMGD(3)

AGOMGM

HNOM

/CGYRO/

Symbol

Aa

Ba

Ca

Ab

Bb

Cb

Ag

Bg

Jmfl

Jm_

Hi@t=0" 1Hi

I-Imax I
Itnom

Comments

CMG Inertias

Auxiliary constants

CMG spin momenta

Loc ation

1

2

3

4

5

6

Variable Name

IXX

IYY

IZZ

IXY

IYZ

IXZ

/CBODY/

Symbol

Ixx

Iyy

Izz

Ixy

Iyz

Ixz

Comments

Vehicle inertias
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Location

7

8

9

10

11

12

13

14

15

16

17

18

19 - 21

Location

7

8

9

10

11

12

13

14

15

16

Variable Name

IXXO

IYYO

IZZO

IXYO

IYZO

IXZO

IXXD

IYYD

IZZD

IXYD

IYZD

IXZD

ITERM(3)

Variable Name

BINPUT(3)

AINPUT(3)

K2BETA

K2ALPH

TAUDBE

TAUDAL

KBETA

KALPH

KSFBE

KSFAL

TAUNBE

TAUNAL

K2fl

K2_

KS

KSF 

KSF_

Symbol

/CSERVO/

Symbol

E-8

Comments

Initial vehicle inertias

Time derivatives of

vehicle inertias

Auxiliary variables

Comments

CMG inner gimbal

servo inputs

CMG inner gimbal

servo inputs



Location

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Variable Name

TAUBE

TAUAL

ELIMBE

ELIMAL

KTBE

KTAL

KBBETA

KBALPH

TAUMBE

TAUMAL

TFBETA

TFALPH

BLIMIT

ALIMIT

GRBETA

GRALPH

Symbol

T0_

eI_

eI_

KTfl

KTa

KB_

_'M__

WeB

Tc0l

#LnW

LIM

Ga

Comments

Location

1- 3

4- 6

7- 9

10 - 12

13 - 15

16 - 18

19 - 21

22

Variable Name

MJET(3)

MTOT(3)

MB(3)

MA(3)

MAGJET(3)

FUEL(3)

FLOWRT(3)

FUE LT

/TORQUE/

Symbol

Mji

Comments

Total external torques

Reaction jet torque

capability

Reaction jet fuel con-
sumed

Reaction jet fuel rate

Total jet fuel consumed
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Location

1- 3

4- 6

7 - 306

307

Variable Name

PMAXB(3)

PMAXA(3)

DTL]ST(300)

KDT

/POWER/

Symbol Comments

Peak mechanical power

output of _ i gimbal servo

Peak mechanical power

output of c_i gimbal servo

First 300 integrator

time steps

Number of integrator steps

Loc at ion

I- 3

4- 6

7- 9

I0 - 12

13

14

15

16

17- 19

20

21

22- 25

26 - 28

Variable Name

POS(3)

VEL(3)

POSO(3)

VELO(3)

ECCENT

ENOW

MEANA

MEANAO

FVECT(3)

CETAO

SETAO

PVCON(4)

PTARGT(3)

P
m

/PVDATA/

Symbol

\

/

a o

Comments

Auxiliary variables for

Kepler orbit algorithm
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Location

1

2

3

4

5

6 - 15

16

17 - 26

27

Variable Name

RTODEG

DEGTOR

RE

MU

PIE

WO(lO)

VEO

FIXWO(10)

WEARTH

/CO TS/

Symbol

180/fr

_r/180

R
e

tt

n

%

%

Comments

th
WO(N) = n power of angular

rate of a circular orbit of

radius R e

= Reu b

Scaled version of WO(10)

Earth's rate

Location

1 - 15

16 - 30

31 - 45

46 - 60

61

62

63 - 77

78

79

80

81

82

83

84

Variable Name

ZREAL(15)

NUMBER(15)

NORDER(15)

TEVENT(15)

TMATCH

NEVENT

EVENTT(15)

TCYCLE

NCOS T1

NMAN1

NPRINT

NPRCTL

TEND

LNECNT

/IOCONT/

Symbol

tf

tEND

Comments

A/D delay control

variables

Fast loop cycle time

First pass indicator (COST)

First pass indicator (MANUAL)

Print controls

Run duration

Printer carriage control
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/FLOTIN/, Control Computer Input as Supplied by Environment

Location Variable Name Symbol

1 - 3 W(3)

4 - 5 E(2) e_, e_

6- 7 A(2) a_, a_

8 PH p t

9 RH R'

I0 - 12 BETA(3) 8i

13 - 15 ALPHA(3) _i

16- is EDOTC(3) _c' %' _e

19- 21 EC(3) _c' 8c' _be

22 TM t
man

23 - 25 HCL(3) H i

26 MODE m
x

27 RATEFB mFB

2 8 UPDATE m
u

2 9 NGAIN m G

30 LAW m L

31 MODCOM m
02

32 - 34 LIMIG(3) LIG i

35 - 37 LIMOG(3) LOG i

Location

1-3

4-6

7

8- i0

II - 13

14 - 16

17 - 19

Comments

These variables are delayed

as specified in data cards•

/FLOOUT/, Control Computer Output as Used by Environment

Variable Name Symbol Comments

BETADC(3) _ci

ALPHDC(3) 6_ci

TELAZC A
c

EULER(3) ¢',

EPSLON(3) ¢ 'i

OMGABC(3) .kOc

JET(3) Tji

} For display only
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Location

1-2

3-4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22 - 25

26 - 27

28

29

30 - 32

33 - 36

37

/SENSOR/

Variable Name Symbol

ESTAR(2) E iASTAR(2) A i

TAUWNG 7"WNG

TAUI T1

TAU2N r2N

TAU2D r2 D

TAU3N r3N

TAU3D r3 D

TAU3NP r '
3N

TAU3DP r 3D

TAU5 r5 1
STKT K T

S TG2 G2

S TG3 G 3

S TAL A L

S TKM K m

STKV Kv I

S TTF Tfs v

S TKR K r

JINRT(4) Je' Je, Ja, Ja

ETA(2) r/p, _r

TAUHRZ rH

GHORIZ G H

DE LW(3) __ _ i

S TBIAS (4) Nvi

STSIG _n

Comments

Star tracker

variables

Horizon sensor bias

Horizon sensor time

constant

Horizon sensor gain

Rate gyro bias

Mean value }Standard deviation

star track-

er noise
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Location

38 - 39

40 - 41

42 - 43

44 - 45

46 - 47

48 - 49

50 - 51

52 - 53

54 - 57

58 - 61

62 - 63

Variable Name

SXI(2)

SYI(2)

SZI(2)

SX(2)

SY(2)

SZ(2)

ELBORE(2)

AZBORE(2)

QST(4)

WNG(4)

HRZACT(2)

Symbol

SiXI

SiYI

SiZI

Six

Siy

Siz

ei

ai

I>

Eel' ¢e2' Eal' Ea2

Nvi

Pa' Ra

Comments

Star tracker

Variables

Star tracker image plane

errors.

White noise

Actual horizon errors.

Location

1-3

4-6

7 - 24

25 - 42

43 - 48

49 - 54

55 - 72

73 - 81

79 - 81

Variable Name

MDIST(3)

MDNOM(3)

S PHASE(3, 6)

CPHASE(3, 6)

SFREQ(6)

CFREQ(6)

MDAMP(3, 6)

FREQ(6)

TQEMM(3)

/DI_T/

Symbol

Mx, My, M z

Axo, Ay o , Azo

sin Bij, i--x,y, z

cos Bij, i--x,y, z

sin _i t

cos _¢it

Aij, i=x, y, z

T
mm

Comments

External disturbance

torques

External disturbance

torque parameters

Torque due to moving

mass.
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Location

1

2

3-5

6-8

9- 11

12 - 14

15 - 17

18 - 20

21 - 23

24 - 26

27 - 29

30 - 32

33 - 35

36 - 38

39 - 41

Location

1

2

3

4

5

6

7

8

9

10

/MOVE/

Variable Name

QMASS

QMASS2

PMASS(3)

VMASS(3)

AMASS(3)

PMASSO(3)

VMASSO(3)

AMASSO(3)

R(3)

ROMGA(3)

ROMGA2(3)

OMGAMM(3)

HALFAM(3)

COSMM(3)

SINMM(3)

Symbol

Q

2Q

x,y,z

x,Y,Z

_:',_, _"

Xo'Yo' Zo

_o,_o ' O

Yo,' o
Ri

ai_ i

R._ 2.
1 I

12.
I

_o/2, Yo/2, "/o/2

cos 12.t
1 /sin 12it

/NPSCAL/, Integer Scaling Factors

Symbol

2n-7

2n-6

2n-5

2n-4

2n-3

2n-2

2n-1

2 n

2n+ 1

2n+ 2

Variable Name

NM7

NM6

NM5

NM4

NM3

NM2

NMI

NP0

NPI

NP2

Comments

Moving mass parameters

Comments
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Location

11

12

13

14

15

16

17

Location

1

2

3

4

5

6

7

8

9

10

11

Variable Name

NP3

NP4

NP5

NP6

NP7

NP8

NP9

Symbol

2n+ 3

2n+ 4

2n+ 5

2n+ 6

2 n + 7

2n+ 8

2n+ 9

/SCALER/, Integer Scaling Factors

Comments

Variable Name

CSCALE

DSCALE

I_SCALE

LLSCAL

MS CALE

NSCALE

PSCALE

QSCALE

RSCALE

TSCALE

VS CALE

Symbol

25-nh26-n.h

2n-ll

27-n_h

2 ll-n l
212-n

2n-12

215-n

2n-15

2n-14

214-n

Comments

Since tf is adjustable, the
program optimizes the
scale factors associated

with it. The variable nh

is computed so that 2nh-1

< tf < 2nh

The other factors here

involve decision scaling

(i. e., if n=14, RSCALE=
0 2n-15;
2_15_n=2 hence QSCALE=

is used instead).

/FLOTSC/, Floating Point Scaling Factors

Location Variable Name Symbol

1 FLNM7 2 .n-7

2 FLNM6 2 .n-6

3 FLNM5 2. n-5

4 FLNM4 2.n-4

5 FLNM3 2 n-3

Comments
%
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b

Location

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Location

1

2

3

Variable Name

FLNM2

FLNM1

FLNP0

FLNP1

FLNP2

FLNP3

FLNP4

FLNP5

FLNP6

FLNP7

FLNP8

FLNP9

FLNMll

FLNM10

FLNM8

FLNP12

F2NM25

F2NM15

F2NM10

FL2NM2

FL2NM1

FL2NP0

FL2NP1

Variable Name

FS

DBLFS

N

Symbol

2 n-2

2 n-1

2. n

2.n+l

2.n+2

2. n+3

2.n+4

2.n+5

2.n+6

2.n+7

2.n+8

2.n+9

2.n-ll

n-10
2.

2.n-8

2 .n+12

2.2n-25

2.2n-15

2.2n-10

2.2n-2

2.2n-1

2. 2n

2.2n+l

/MISCEL/

Symbol

2n-1

22n_ 1

n

Comments

Comments
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Location

4

5

6

Location

1-3

4-5

6-7

8

9

10 - 12

13 - 15

16 - 18

19 - 21

22

23 - 25

26

27

28

29

30

31

32 - 34

35 - 37

Variable Name

NIt

MDLAST

HALFFS

Symbol

nh

mxp

2n-1

Comments

/FIXIN/, Control Computer Input Vector

Variable Name

W(3)

E(2)

A(2)

PH

RH

BETA(3)

ALPHA(3)

EDOTC(3)

EC(3)

TM

HCL(3)

MODE

RATEFB

UPDATE

NGAIN

LAW

MODCOM

LIMIG(3)

LIMOG(3)

Symbol

e'1, e'2

a'1, a'2

pt

R'

$'1

I

al

ec,{o

¢c,Oc, $c

tman
I

H i

m
x

mFB

m u

m G

m L

moj

LIGi

LOGi

)
(

(

Max. Value

2-5

22

22

2-1

2'1

22

22

2-5

22 , 21 , 22

28

211

Comments

Discretes
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w"

Location

1 - 25

26 - 41

42

Location

1-3

4-6

7

8- 10

11 - 13

14 - 16

17 - 19

Location

1

2

3

4

5

6-8

9- 11

12 - 14

15

Variable Name

NBIN(25)

NBOUT(16)

NFXPNT

Variable Name

BDOTC(3)

ADOTC(3)

AC

ED(3)

EP(3)

WC(3)

NJET(3)

Symbol

2n-nBIi

2n-nBO i

Symbol

o_ei

Ac

¢,, e,, $1

Es

-_e

TJi

/QUANT/

Max. Value

/FIXOUT/

Max. Value

2-2

2-2

20

22 ' 21 ' 22

2-1

2-5

/EXPI/

Variable Name Symbol Max. Value

ACDBL A 2 o
*c

ACDOT _kc 2-5

ADSAVE Acp 2 -5

COSAC cos A c 2 0

COSWT cos_ t 20
, e

OMEGA(3) _-'EI 2-13

OMEGAE(3) iq'EII 2-13

RO(3) R o 225

S S' 223

Comments

nBi i = the number of
bits of A/D conversion of

the i th variable of/FIXIN/

nBO i = the number of bits
of DyA conversion of the

i th variable of/FIXOUT/

Fixed point indicator

Comments

Double precision

Discrete

Comments

DP

DP

= (0, o2e, 0) T

DP
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Location

16

17

18

19

20

21 - 23

24

25

26 - 28

29 - 31

32 - 34

35

36

37

38

Variable Name

SDOT

SDUM

SINAC

SINWT

SPRIME

SREL(3)

SSQ

TANAC

V(3)

vc(3)

VDOUB(3)

WE

WE2

WE3

WE4

Symbol

smA¢

sin,a_et

s 'cos A c

S I

S ,2

tanA
C

v' I

V I
--C

V I

Fe

U_2e

,_3 e

a_4
, e

Max. Value

215

20

2-3

223

225

250

21

215

215

215

2-13

2-27

2-41

2-54

Comments

Auxiliary variable

DP

DP

DP

DP

DP

DP

DP

DP

Location

1

2

3

4

5

6

7

Variable Name

DEL

DELP

DELl

DEL2

DEL3

SIX

S2X

Symbol

A --

A
a

51

A 2

A3

SLXI

S2XI

/EXP2/

Max. Value

\ 2 o

Comments
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¢.

Location

8

9

10

11

12

13

14

15

Location

1

2

3

4

5

6

7

8

9

10

11

12

13

14 - 16

17

18

19

Variable Name

SlY

S2Y

SIZ

S2Z

UIX

U2X

UIZ

U2 Z

Variable Name

ANGLE

COSDUM

COSL

COSLR

COSTH

DELANG

DELX

DE LY

DELZ

DBLPI

ETADOT

KC

PREV

I_S P(3)

R

SINDUM

SINL

Symbol

S 1YI /
S2YI

S1ZI

S2ZI

U'IX

U t2X

U I
lZ

U'
2Z __

Symbol

COS

cos k'

cos X' R

cos L s

Ats

5 iX I

5 Iyi

8 IZ I

?r

'zp

pl

sknrl

sin x'

Max. Value Comments

/EXP3V/

Max. Value Comments

22 DP

2 o

2 o

2 o

2 o

22

2-8

2-8

2-8

22 DP

2-5

2 -8 = . 003373

2-5

225

225

2 o

2 o
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Location Variable Name Symbol

20 SINLR sink t R

21 SIN2LR sin2k' R

22 SINTH sinL '

23 24 SPX(2) S '.- IX

25 - 26 SPY(2) S 'iy

27 28 SPZ(2) S '.- 1Z

29 SIXG SIX G

30 SlZG SlZ G

31 S2ZG S2Z G

32 WBAR _¢AV

33 Z 4p'x 2 + _,2z

34 ZEXI Z 'EXI

35 ZEYI Z '
EYI

36 ZE ZI Z 'E ZI

37 EPZDOT _ 'z

Loc ation

1-3

4-6

7-9

10

11 - 13

14- 16

17

18

19

20

Max. Value

20

20

20

20

20

20

20

20

20

2-5

225

20

20

20

2-5

/MOD567/

Variable Name Symbo I

DELE(3) A¢', _9', AS'

E COM(3) ¢'c,_}'c,_)'c

EDCOM(3) " " "¢ c,e'c, b 

TENDM tENDM

ECOMDP(3) ¢'c, _'e' _'c

DELTAE(3)

MAX

MAXRT _BMAX

TP tt

NHHH

Max. Value

22,21,22

22,21,22

2-5

210

22,21,22

2-5

210

2nh

DP

Comments

Comments

Auxiliary DELE(3)

Auxiliary variable

Auxiliary _f
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Location

1 - 3

4 - 33

34 - 63

64 - 66

67

68 - 73

74 - 76

77 - 79

80 - 82

83 - 85

86 - 88

89 - 91

92 - 100

101 - 109

110 - 114

Variable Name

EPPREV(3)

GAIN(6,5)

GAINP(6,5)

EPP(3)

HNOMP

KLCL(6)

MAGA(3)

MAGB(3)

MCA(3)

MCB(3)

TRQC(3)

TRQCP(3)

UNITVA(3,3)

UNITVB(3,3)

ZO(5)

/CONTL1/

Symbol

¢' 2-1
_-p

Kei, m G 2131

Kri, m G 210)

_, 2-1
_k_

HNO M 211

k. 2-2
I

lail 2
211

Max. Value

_Tb 26

T d 28

T 28
--C

I 20 }
20

Z0 mG

Comments

DP

i=1,6 ;m G=1,5

DP

Not currently used

1st subscript--vector number

2nd subscript=component no.

Location

1- 3

4- 6

7- 9

10 - 12

13 - 15

16

17

18

19 - 21

Variable Name

/CONTL2/

Symbol Max. Value

DE LA(3) A & 2-2
--e

2-2
DELB(3) A____c

DOTI(3) A T" h. 28
1

DOT2(3) h • a. 211
---in --1

DOT3 (3) h .b. 211
_m _1

DUM1 }DUM2

KSAVE K 2 0
S

MAGASQ(3) I_ i 12 222

Comments

Auxiliary variables

" E-23



Location Variable Name Symbol

22 - 24 MAGBSQ(3} Ib_i 12

25 - 27 TREM(3) T
--r

28 - 30 TRQPRD(3) ____T

31 - 39 UNITVH(3, 3) h.
--I

4O BHOLD _HOLD

41 BSELFD BSELFD

42 BDOTDS _DS

43 MBMAX M

Max. Value

222

28

28

20 {

2 2

2-2

Comments

1st sub = vector number

2nd sub=component number

Floating point

Discrete

Location Variable Name Symbol

I- 3 CGYRO(3) CGi

4- 6 COSTA(3) C
ai

7- 9 COSTB(3) Cbi

10 RTEST

Ii RUSE

12 TDESSQ IT.d 12

13 - 15 TDOTA(3) T "a.--r

16 - 18 TDOTB(3) T .b.

19 TREMSQ T__r _

20 XKEND K
X

21 IT E R iMA x

22 NOITER

Location Variable Name

1- 3 ERRLIM(3)

4- 6 JETCT(3)

7- 9 TJCNT(3)

10 - 12 GIMLIM(3)

/CONTL3/

Max. Value

20

20

20

2-2

2 -2 }

216

28

28

216

20

Symbol

ELi

/DESAT/

Max. Value

2-1

Comments

Auxiliary variables

Integers

Comments

Auxiliary variables
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Location

13

14

Variable Name

BDOTMX

ADOTMX

Symbol

_LIM

&LIM

Max. Value

2-2

2-2

Comments

Loc at ion

1

2

3 - 12

13

14

15

Variable Name

DELT

H

TIME(10)

NPASS

NSLOW

XNSLOW

Symbol

At
, S

atf
tn/n !

npASS

nSLOW

nSLOW

/TVECT/

Max. Value

210

2 nh

}

DP

Comments

DP: 210,219,228,236,244

251 ' 258 ' 265 ' 272 ' 279

Integer

Floating point

,F

Location

1- 10

II

12 - 21

22

23 - 32

33

34 - 43

44

45 - 47

48 - 50

51 - 53

54 - 56

Variable Name

F(10)

FDOT

FDUM(10)

FTOT

G(10)

GDOT

GDUM(10)

GTOT

P(3)

po(3)

PDOT(3)

PDOTO(3)

,fT

,gi

*gT

*gT
i

Ao

Symbol

/NAY/

Max. Value

2-9

21

21

211

225

225

215

215

Comments

DP: 2-8,2-18,2-27,2-37 ,

2 -47 ' 2 -56 ' 2 -66 ' 2 -76 '

2 -85 ' 2-95

DP

Auxiliary variables

DP

DP: 21,2-8,2-18,2-27,2-37 ,

2 -47 ' 2 -56 ' 2 -66 ' 2_ 76 ' 2 -85

DP

Auxiliary variables

DP

DP

DP

DP

DP
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/DIRCOS/

Loc at ion

1-9

10 - 18

19 - 27

28 - 36

37 - 45

46 - 54

55 - 63

64 - 66

67 - 69

70 - 72

73 - 75

Location

1-2

3-4

5-7

8- 10

11 - 12

13 - 14

15 - 17

18 - 20

21

22

Variable Name

MS(3,3)

MSDOT(3, 3)

ML(3 ,3)

MLDOT(3,3)

DSAVE(3, 3)

MSDBL(3,3)

MLDBL(3, 3)

XW(3)

WPREV

TRATIO(3)

DE LW(3)

Variable Name

COSE(2)

COSA(2)

CBE TA(3)

CALPHA(3)

SINE(2)

SINA(2)

SBETA(3)

SALPHA(3)

SINED

COSED

Symbol

[m.1.1
D

[,h/.]
D

[M._.]
• ij

[M;j]

[m/j ]

t

-p
t .

rl

Au_

Symbol

cos e:
1

cos a:
1

I

cos Bi

COS (_.t
1

sin e. _
1

sin a._
1
!

sin Bi
I

sin_.
1

sin ¢'

COS _t

Max. Value

2 0

2-5

2 0

2-5

2-5

2 0

2 0

2-5

2-5

2 o

-5
2

/NTRIG/

Max. Value

2 o

2 o

2 o

2 o

2 o

2 o

2 o

2 o

2 o

2 0

Comments

Auxiliary variable

DP

DP

Auxiliary variable

Comments
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/SINCOS/, Parameters of sin-cos Subroutine

Location Variable Name Symbol Max. Value

2-21 ASC a
SC

2 B b 2-6
SC

2-123 C c
SO

4 HALFPI 7r/2 21

2 25 PI ?r

6 HAFPI _/2 2 2

Comments

/ASINC/, Parameters of arc sin Subroutine

Location Variable Name Symbol Max. Value

211 AAS a
as -2

2 BAS b 2
as

2-33 CAS e
as

4 DAS d 2 -5
as

Comments

Location

/ATANC/, Parmmeters

Variable Name Symbol

of arc tangent Subroutine

Max. Value

1 AAT aat 2 0

2 BAT bat 2 -1

3 CAT Cat 2 -2

4 DAT dat 2-4

5 Q UARPI y/4 2 0

Comments

/BUFFIN/, Input Data Buffer (Detailed listing in User's Guide)

Location Variable Name Symbol Max. Value Comments

1 - 339 XZ(339)

340 - 463 NZ(124)

464 - 557 XY(94)

558 - 566 NY(9)

System specification (Real)

System specification (Integer)

Control computer data (Real)

Control computer data (Integer)
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Appendix F

ANGULAR MOMENTUM TEST

The proposed test, when satisfied, indicates that nothing basic is being violated.

The test is based on the principle of conservation of angular momentum. That is, in

the absence of external torques, the angular momentum of the total system is equal

to its value at time t = 0. If external torques Tex are acting on the system, the angular

momentum of the total system, after the momentum increment due to Tex has been

subtracted from it, should also be constant and equal to the angular momentum of the

total system at time t = 0. Specifically,

3 t

_H(t) +B Hi(t)-/Texdt = H(o) = Constant

Vehicle 1 Gyro 0

(F-l)

where

_H(o) = Angular momentum of the total system at time t = 0

T = External torque acting on the vehicle.
-- ex

Note that, even though the computed LHS of equation (F-l) is eon_az_t as a factor

quantity, its components in vehicle coordinates change as the vehicle attitude changes.

Therefore, to readily verify that the LHS of equation (F-l) is constant, it must be re-

solved along an inertially fixed frame.

The Angular Momentum Test, therefore, consists of the following steps:

1. At time t = 0 compute the LHS of equation (F-I) with components along

vehicle axes.

2. Transform _H(o) computed in step #1 to obtain its components along the
axes of a suitable Inertial frame. For convenience the vehicle axes as

they are oriented at time t = 0 can be chosen as the I-frame for this test.

In this case, step #2 is not needed.
th

3. To compute the LHS of equation (F-l) at the end of the n integration

step, that is at t = nA T, it is necessary to treat the LHS of equation

(F-I) in the following two parts:
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a, Compute

3

H(t) +  i(t)
Vehicle 1 Gyro

at t = nAT along vehicle axes and convert this to the selected I-frame.

,

b. Integrate

nAT

H = / (Te_i dtex

0

Substitute the vectors computed in steps #3a and #3b into the LHS of

equation (F-l). The result, to satisfy the test, should be equal to the

angular momentum computed in step #2.

Computation of HVehicl e. --Along vehicle axes X, Y, Z

_Hvehicl e = HVx I + HVyJ_ + HvzK

where

V x xx x xy y xz z

I-L. = -I oa +I u_ -I o_
V y xy x yy y yz z

I-L. =-I _0 -I _0 +I _0
V z xz x yz y zz z

Computation

3

E --For #I CMG
of HiGyro

1

HG1 = HGIxI + HGlyJ_ + HGlzK

where

HGlx ' G_ ' '(_zl + 1 ) JM_ sin _1 + Aa°axl cos _1 + Ca°Czl sin o_1

+ [ (Ab + A_ OJxl + Ag_l ] cos O_l cos fll

- (Bb + Bg) _yl cos O_1 sin_81+ (Cb + Bg) _zl sin o_1
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+[(%+AS_x_+Ag_] _in_I

I

HGI z = (COzl
l

• - ' sin (xI + C O_zlCOS(X+ Gfl_l) JM_ cos a 1 Aa0Oxl a 1

- [(A b + Ag) U_xl + Agf_ 1] sincz 1 cos_ 1

+ (Bb + B_ _yl sin°_l sin/31 + (Cb + Bg) _zl c°s_l

The angular momentum contribution of the three gyros can be computed in a DO

LOOP and the results summed. For the DO LOOP cycle subscripts so that

1-" 2-_ 3-* 1

X-- y-- Z-" X

These check equations are based on a constant system inertia tensor about a fixed

center of mass. The necessary changes to adapt them for the case of a moving mass
within the vehicle have not been made.
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